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Preface

The 3 Commonwealth Forestry Association (CFA) Conference, 2020, Nigeria Chapter is a follow-up to the fifth
CFA Workshop held in July, 2019 at Federal University of Technology Akure (FUTA), Akure, Ondo State, Nigeria.
CFA, Nigeria Chapter is a non-profit association under the supervision of the CFA Headquarters, United Kingdom.
Though, some Nigerians have been members since 1970s, the Nigerian Chapter of the Association was formally
inaugurated on the 08 September, 2011 at the Federal University of Technology Akure, Ondo State, Nigeria. This is
a research oriented conference that seeks to bring together forestry and allied natural resource scientists, graduates,
development experts and policy makers from higher institutions and research institutes to proffer future solutions to
the dwindling Nigerian Forest Estate. By standard, Nigeria is expected to have 25% of forest estate with gazette notice.
However, Nigeria has less than 10% forest estate.

CFA CHARTER AND BYE-LAWS

The Royal charter of 1 November 1921, as amended by Supplemental Charter of 28 November, 1962, provides that
the name of the Association shall be the Commonwealth Forestry Association. The Charter and Bye-Laws which
follow incorporate amendments agreed at the Annual General Meeting on 5 May, 1981 and which submitted to the
Privy Council for the granting of a further Supplemental Charter.

CHARTER

The objects and powers of the Association were prescribed as follows:

i. To promote for the public benefit the practice of Forestry both in the United Kingdom and throughout the world ;
ii. To advance education in the value of trees and forests for the conservation of wildlife, soil and water resources,
amenity and recreation;

iii. To promote research for efficient and sustained production of timber resources and into the inter-relationship
between trees and site fertility both for Forestry and Agriculture, publishing the useful results of such research;

iv. To encourage the establishment and management of trees and forests as part of the overall wise and sensible use
of land; and

v. To be a centre for the exchange and dissemination of information on all aspects of forestry and forest p roducts or
provide or promote or assist in the provision or promotion of other centres similarly engaged.

The theme of 3" Commonwealth Forestry Association Conference 2020 is ‘Forest Ecosystem Potentials in Nigeria:
Opportunities for Green Economy in the 215t Century’.

Papers presented in the proceedings, which were peerreviewed, included lead papers and voluntary papers. They were
classified under the following sub-themes:

. Status and Extent of Nigeria’s Forest Ecosystemin Different Ecological Zones

. New Technologies and Approaches to Sustainable Forest Management in Nigeria

. Forest Ecosystemand Climate Change Adaptation and Mitigation

. Impact of Insurgency and Human/Wildlife Conflicts on Forest Ecosystemin Nigeria

. Gender Perspectives on Forest Ecosystemin Nigeria

. Forest Ecosystem Services for Mankind in Nigeria

. Sustainable Development of Value-Addition of Wood Products in Nigeria

. Sustainable Production, Harvest and Replenishment of NonTimber Forest Products (NTFPs) in Nigeria

. Indigenous knowledge of Plants for Repertoire of Medicine

10. Forest Governance and Institutions in Nigeria.

O©Co~NoOohh WON —

The Commonwealth Forestry Association Nigeria Chapter appreciates the moral support of Professor Joseph Adeola
Fuwape,the Vice-Chancellor, Federal University of Technology Akure, Nigeria for hosting the 3@ CFA Conference
Nigeria Chapter. The efforts of members of Local Organizing Committee (LOC) namely: Dr. (Mrs). O. V. Oyerinde
(Chairman), Dr. Johnson A. Olusola, Dr. Samuel Oluyinka Olaniran, Dr. Oluwatobi Emmanuel Olaniyi, Dr. (Mrs)
Oluwayinka S. Oke, Dr. (Mrs) Olaide O. Oyeleke, Mrs. Oluwayemi Johnson, Dr. Opeyemi Boboye, Mr. O. I. Adetula,
Mr. A.O. Agbo-Adediran are highly appreciated. | appreciate the immense contributions of all Executive Officers of
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R. Adejoba (Secretary), Mr. A. O. Agbo-Adediran (Assistant Secretary), Professor A. O. Omole (Public Relations
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Ladies and Gentlemen

I am delighted today, 2 December, 2020 that we are all witnessing the ‘Virtual 34 Commonwealth Forestry
Association (CFA) Conference’, Nigeria Chapter at the Federal University of Technology Akure (FUTA), Ondo
State, Nigeria. Today constitutes an epoch in the history of Commonwealth Forestry Association (CFA), Nigeria
Chapter.

You recall that the 3" CFA Conference could have been held on 9t to 11t June, 2020. However, we were constrained
as a result of pandemic Corona virus (COVID-19) all over the world and also as a result of the strike embarked upon
by Association of Academic Staff Union of Universities (ASUU) in Nigeria.

Some Nigerians have since 1970s been members of CFA International. A lot of themhad benefitted and they are still
benefitting from CFA. On September, 2011 at this Federal University of Technology, Akure, the First CFA
Workshop was held at the Faculty of Agriculture. The theme of the First CFA Nigeria Chapter Workshop was
‘Hands across the Forest: Strengthening the Contributions of Stakeholders to Forestry Dewelopment across
West Africa’. Though, a few people thought it was an infraction to inaugurate CFA Nigeria Chapter and this would
be a rivalry to other Forestry Associations in Nigeria. The objectives of CFA when highlighted are far from rivalry
but significantly complimentary to other subsisting Forestry Organisations in Nigeria. One of the objectives of CFA
International and Nigeria Chapter is what we are doing today. We therefore, still need more Associations for
Environment and Renewable Natural Resources in Nigeria to expand the frontier of forestry knowledge and to
favourably compete with our peers in Africa in particular and the world in general.

Ladies and gentlemen, permit me to reflect a bit on infraction mentioned above and to dissociate ourselves from
myopic thinking that could forever cage Forestry Sector in Nigeria. It is disheartening to mention that Federal
Department of Agriculture in Nigeria was instituted in 1968 while Federal Department of Forestry was instituted in
1970. Imagine, only two years difference! The Agricultural sector in Nigeria is proudly thriving and expanding the
frontier of knowledge. | went through the internet to seek information on a number of institutes in Nigeria. Nigeria
has more than 60 institutes and Agricultural sector alone has more than twenty (20). Examples from Agricultural
sector are Cocoa Research Institute of Nigeria, National Horticultural Research Institute, Institute of Agricultural
Research, National Agricultural Extension Research and Liaison Services, National Cereals Research Institute,
National Animal Production Research Institute, National Centre for Genetic Resources and Biotechnology, National
Root Crops Research Institute, National Institute for Oil Palm Research, Nigerian Institute for Trypanosomiasis
Research, to mention but a few. Forestry Sector has since been only one umpire i.e. only One Institute-Forestry
Research Institute of Nigeria (FRIN). This one umpire has limited the frontier of knowledge as compared with
Agricultural sector in Nigeria.

Therefore, inauguration of CFA Nigeria Chapter in 2011 was and is still a blessing for all foresters as well as added
value to widen the Forestry Sector horizon; to be significantly relevant among various sectors in Nigeria, Africa and
the world. | must express my gratitude to the initiators of CFA Nigeria Chapter in persons of Professor S. O. Akindele,

Messrs Tolulope Daramola and Julius Adewopo. These three Forestry scientists really deserve our gratitude! It is
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high time we collectively as foresters, wildlife experts, environmental scientists and other renewable natural resource
scientists identified our challenges and sensitized the Federal Government for creating more Forestry Research
Institutes in Nigeria in order to scientifically solve our intractable problems in Forestry. The governance of Forest
Reserves/Forest Estate under State Governments over the years has been anachronistic with negative consequences
on Sustainable Forest Management and Development in Nigeria. The Federal Government must enact National
Forestry Act in order to minimize deforestation and degradation of our remaining forest cover and to be fully
accommodated in the international treaty of the United Nations Environment Programme.

CFA CHARTER AND BYE-LAWS

The royal charter of 1 November 1921, as amended by supplemental charter of 28 November, 1962 provides that the
name of the Association shall be the CFA. The charter and bye-laws which follow incorporate amendments agreed at
the Annual General Meeting on 5 May 1981 and which submitted to the Privy Council for the granting of a further
supplemental charter. One of the objects and powers of the CFA was prescribed as ‘to promote for the public benefit
the practice of Forestry both in the United Kingdom and throughout the world’.

WHAT CFA DOES

Sustainable forest management plays a central role in our future, which in turn requires the training and development
of forestry professionals. That is where the CFA comes in. CFA works in all corners of the Commonwealth and
beyond to promote the wise management of trees and forests, and CFA does this in five main ways, namely:

First, CFA publishes world-class science in peer-reviewed forestry journal, the International Forestry Review, and
the latest global forestry news and views in the CFA Newsletter;

Second, CFA facilitates networking ofprofessional membersand organisationsand exchange ofknowledge via CFA
quarterly newsletter, website, Facebook page and Twitter feed;

Third, CFA encourages professional excellence and promotes career development using a range of awards, such as
the Queen’s Award for Forestry, the Young Forester Award and the Young Scientist Research Award;

Fourth, CFA carries out a range of specific projects in the field that have been identified by our membership; and

Fifth, CFA promotes capacity building by helping to organise training courses, workshops, and conferences.

CFA NIGERIA CHAPTER

Commonwealth Forestry Association Nigeria Chapter is a Non-Profit Organisation under the tutelage of CFA, United
Kingdom.

ACHIEVEMENTS REALIZEDSO FAR UNDER CFA NIGERIA CHAPTER

CFA Nigeria Chapter has been able to implement the following in Nigeria:

1. 15t CFA Workshop at the Federal University of Technology Akure (FUTA) from 6 to 8 September, 2011. The
Theme of the workshop was ‘Hands across the Forest: Strengthening the Contributions of Stakeholders to
Forestry Development across West Africa’.

2. On 08 September, 2011, CFA Nigeria Chapter Steering Committee was inaugurated and Dr. B. O. Agheja (now
Professor B. O. Agheja) was appointed Chairman/Coordinator.

3. Commonwealth Forestry Association Nigeria Chapter participated in Northern Africa Regional Meeting (NARM)
2012 organised by International Forestry Students Association (IFSA) at Kwame Nkrumah University of Science and
Technology (KNUST), Kumasi, Ghana from 15-20 May, 2012. The Theme of the Meeting was ‘Green Environment
and Economy for Africa: The Roles of Students’. The CFA Nigeria Chapter presented a paper at the meeting titled
‘Sustainable Forest Estate Management in Africa: The Role of Commonwealth Forestry Association as a Non-
Governmental Organisation’. The CFA International sponsored the Chairman and Secretary, CFA Steering
Committee Nigeria Chapter. The Secretary in person of Mr. Ibraheem Lawal now Dr. lbraheem Lawal ably
represented the Chairman at the meeting.
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4. The 2@ CFA Workshop at University of Ibadan, Nigeria from 19 to 20 November, 2012. The Theme of the
Workshop was ‘Methodology of Basic and Applied Research in Forestry and other Related Disciplines’.

5. The CFA Nigeria Chapter on January, 2015 was able to open three accounts at First Bank PLC., University of
Ibadan, Nigeria. The three accounts are in Naira, Pound Sterling and Dollars Currencies. Three Executive Officers are
signatories to the accounts. They are Professor B. O. Agbeja (President, CFA Nigeria Chapter); Dr. O. R. Adejoba
(Secretary, CFA Nigeria Chapter); and Dr. O.V. Oyerinde (Financial Secretary, CFA Nigeria Chapter). As a result of
institutionalization of Treasury Single Account (TSA) in Nigeria, CFA Nigeria Chapter has not been availed to
collecting membership fees in Naira, convert the Naira to either pound sterling or Dollars equivalent for onward
payment into CFA International, United Kingdom. Every member has since been informed to pay his or her annual
membership fee directly to CFA International using ATM Card.

6. The 3@ CFA Workshop at Forestry Research Institute of Nigeria (FRIN) from 6 to 8 October, 2015. The Theme of
the Workshop was ‘Research Proposal Writing and Use of Appropriate Statistical Tools for Analysis’

7. On 8 October, 2015 at FRIN, the Executive Officers to pilot the corporate affairs of CFA Nigeria Chapter were
democratically elected. Those elected include:

Professor B. O. Agheja ( the First President, CFA Nigeria Chapter).

Other executive officers include:

Professor A. C. Adetogun (Vice-President, CFA Nigeria Chapter);

Dr. O. R. Adejoba (Secretary, CFA Nigeria Chapter);

Professor A. O. Omole (Public Relations Officer, CFA Nigeria Chapter);
Dr. O. V. Oyerinde (Financial Secretary, CFA Nigeria Chapter);

Dr. O. I. Osunsina (Social Secretary, CFA Nigeria Chapter);

Mr. A. O. Agbo-Adediran (Assistant Secretary, CFA Nigeria Chapter);
Professor S. A. Oluwalana (Ex-officio/Adviser, CFA Nigeria Chapter); and
Professor S. O. Akindele (Ex-officio/Adviser, CFA Nigeria Chapter).

8. The 15t CFA Conference at Forestry Research Institute of Nigeria (FRIN) from 10 to 12 October, 2016. The Theme
of the Conference was ‘Forestry and Allied Natural Resources Disciplines in Nigerian Institutions: Inputs for
Future Solutions to Dwindling Forest Estate in Nigeria’.

9. On 13 October, 2016, CFA was invited by Head of Forest Unit, IITA in person of Deni Bown as the first Forestry
Association in Nigeria to plant Nauclea diderichii (Igi Opepe) at HERITAGE PARK as a mark of honour to
commemorate and remember 15t CFA Nigeria Chapter Conference in Nigeria.

10. On 16 December, 2016, registration of CFA Nigeria Chapter with National Bibliographical Control Department ,
National Library of Nigeria, Garki, Abuja. CFA Nigeria Chapter was officially issued with ISSN 2550-7532 for
hardcopy of Conferences, Workshops and Journals and E-ISSN 2550-7524 for electronic Conferences, Workshops
and Journals.

11. Professor B. O. Agbeja and Dr. O.V. Oyerinde as the President and Financial Secretary, CFA Nigeria Chapter,
respectively, were sponsored by CFA International and the Patron Queen Elizabeth Il to attend and participate in XIX
COMMONWEALTH FORESTRY CONFERENCE from 3 to 7 April, 2017 at Dehradun, India. Professor Agbeja
was also appointed as a MODERATOR for Technical Session 13 A on ‘Urban Forestry and Landscape Management’
at the conference.

12. In our common effort, CFA Nigeria Chapter in 2016 initiated a process under Queen’s Commonwealth Canopy
Project (CCP) Accreditation and Check-list under her royal majesty for helping to raise fund for two nominated Forest
Reserves in Nigeria. The two gazetted Forest Reserves nominated were Omo Forest Reserve in Ogun State and Queens
Forest Reserve Akure in Ondo State. The Federal Ministry of Environment Abuja was later contacted by CFA
International after the XIX CFC in India and CCP Processes were on-going. Anyway, to our surprise, the President,
CFA International in person of Professor John Innes from UBC, Canada reported that two forest reserves nominated
by Federal Government were Kiwara Forest Reserve in the North and [ITA Forest in the South. What a surprise on
gazetted Forest Reserves that were jettisoned!

14



13. The 4" CFA Workshop at Federal University of Agriculture Abeokuta (FUNAAB) from 7 to 9 November, 2017.
The Theme of the Workshop was ‘Forestry and Health Care Delivery in the Tropics complemented with Training

Workshop on Data Analysis and Quantum Geographic Information System’.

14. The 24 CFA Conference at Federal University of Agriculture Abeokuta (FUNAAB) from 5 to 7 June, 2018. The
Theme of the Conference was ‘Collaboration of Stakeholders for Dynamic Restoration of Forest Estate in Nigeria’.

15. Provision of two Recommendation Letters written by CFA International and CFA Nigeria Chapter for a young
Nigerian woman seeking for a related job in Forestry in USA. She paid her annual membership fee into CFA
International Account and she collected her Membership number a few years ago. CFA International as a Chartered
Organisation was highly recognized and the candidate was given the job.

15. The 5™ CFA Workshop at Federal University of Technology Akure (FUTA) from 2 to 4 July, 2019. The Theme
of the workshop was ‘Improving Skills in Natural Resources Management’. This was complemented with a Lead
Paper titled ‘Status of Natural Resources Management (Forestry and Wildlife) in Nigeria’ by an erudite scholar in

person of Professor S. A. Oluwalana.

16. We are all witnessing as from today 2"¢ December to 3@ December, 2020, a virtual 3@ CFA Conference. The
Theme is ‘Forest Ecosystem Potentials in Nigeria: Opportunities for Green Economy in the 215 Century’.

The Chief Host for the Virtual 3@ CFA Conference is Professor J. A. Fuwape, the Vice-Chancellor, Federal
University of Technology Akure (FUTA), Ondo State, Nigeria.

Our keynote speakers are:

0] Professor Philip G. Oguntunde, Deputy Vice-Chancellor (Development), Federal University of
Technology Akure (FUTA), Ondo State, Nigeria;

(i) Professor Sidat Yaffa, Dean, School of Agriculture and Environmental Sciences, University of The
Gambia, Gambia;

(i) Professor S. A. Oluwalana, an erudite Scholar, Federal University of Agriculture Abeokuta (FUNAAB),
Nigeria; and

(iv) Professor John A. Akande, a former Deputy Vice-Chancellor, Bowen University, Iwo, Osun State, Nigeria.

Mr. Vice-Chancellor, I would like on behalf of Executive Officers, CFA Nigeria Chapter as well as all participants to
appreciate you sir, your good office and other principal officers for hosting the virtual 3™ CFA Conference, Nigeria
Chapter. We do also appreciate your unalloyed support for all the logistics to make the virtual conference a success.

Mr. Vice-Chancellor, I would like to crave your indulgence to express the CFA Executive officers’ appreciation to all
members of Local Organising Committee (LOC) at FUTA under our dynamic and amiable Chair lady-Dr. (Mrs) O.
V. Oyerinde The following LOC members are also greatly appreciated: Dr. J. A. Olusola, Dr. (Mrs) O. O. Oyeleke,
Dr. (Mrs) O. S. Oke, Dr. O. S. Olaniran, Dr. O. E Olaniyi, Dr. M. Boboye, Mr. A. O. Agbo-Adeniran Mr. O. I.
Adetula and Mrs. O. J. Johnson. In the same vein, | appreciate all academic members of staff of the Department of
Forestry and Wood Technology, FUTA for their support and encouragement. | do appreciate all executive officers of
CFA, Nigeria Chapter for their supports, encouragement, dedication and resilience.

Commonwealth Forestry Association, Nigeria Chapter is 9 years old in 2020. If one catches a glimpse of the
highlighted achievements of CFA, Nigeria Chapter as shown above even with its "Non -Profit Organisational Creed’,
it behooves on us to keep the flag flying. ‘Therefore, when people throw you stones, it is because you are a good tree
full of fruits. They see a lot of harvests in you. Do not go down to their level by throwing them back the stones, but
throw them your FRUITS so that the seeds of yourself may inspire them to change their ways’.

In conclusion ladies and gentlemen, we must as CFA members cherish our yesterday; we must dream our tomorrow;
and we must live our today.

I wish all of us productive virtual 34 CFA Conference!

Thank you and God Bless.
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Abstract

The Nigerian economy needs restructuring to create desirable jobs and combat poverty. Albeit, the economy is
markedly dependent on natural resourcesamong which the renewable forest is significant. That means, the ability
to generate needed growth in the future and meet wider development priorities is subject to what happens to the
forests and thismakesthe green economy (GE) concept very relevant. Asthreatsto the forest area and concomitant
tree cover mounts, so also is the prospect for green economy. Available statistics and records from monitoring
reports, IUCN global forest watch, FAO and other desk studies showed consistent and progressive loss of tree
cover vis-a-vis Forest Ecosystem Potential (FEP) in Nigeria over the last decades. Loss of tree cover diminishes
the FEP. Estimated tree cover area in Nigeria by 2018 was reported to be 10,326,662ha (which is 11.3% of the
total land area) but the figure fell grossly below the 25% recommended by FAO and therefore calls for concern
and care. Twenty years between 1990 and 2010, Nigeria lost almost 48% of her forest cover at a rate of 2.38% per
year. Average loss/year rose from 25,500ha in the decade span (year 2001 —2010) to 75,800ha (year 2011 —2019)
respectively. To mitigate the loss pattern, forest production, protection and certification aswell as corporate-driven
oil palmproduction are advocated. The history of palm plantation and developmentin Nigeria should be revisited
and the potential for oil palm expansion explored with degraded soils and vegetation that may offer the best
prospects. Forest certification system, on its own, regulate harvest and encourage sustainable forest practices. A
forest contingent green economy is bolstered to ultimately increase human well-being and social equity while
significantly reducing environmental risks and ecological scarcities. Green economy approach to forests in Nigeria
will result in better, more secure lives for the people and a more productive natural capital base. Nigerian people’s
welfare derived from forest ecosystem services such as decent jobs, secure livelihoods and income, health,
freedoms, and culture will improve. The ecological limits of forest removal or use will be identified, defined and
respected to regulate climate, biodiversity and other planetary boundaries while enabling a safe operating space
for best performance and efficiency.

Keywords: Green economy, forest ecosystem, sustainable management, oil palm, environmental services.

INTRODUCTION

Forest area normally refers to land under natural or planted stands of trees at least 5 meters in situ, whether productive
or not, and excludes tree stands in agricultural production systems like fruit plantations and agro -forestry systems and
trees in urban parks and gardens. In the context of this paper, forest ecosystem, shall include any area under forest
cover or influence. Over the years, forest area has consistently diminished in Nigeria (see Figure 1) reducing the
prospect for green economy. Forests have many positive roles to play in a green economy through the protection and
delivery of water resources; protection and enhancement of biodiversity and prominent role in climate control and
management. A green economy is expected to generate more green and decent jobs. Renewable forest resource
provides goods and services that must be sustained for their economic values. Forests help to combat soil erosion;
provide industrial timber and non-timber forest products including fuelwood, food, fruits, medicinal ingredients etc.;
harbor biodiversity including wildlife in addition to mitigating the negative effects of climate change.There is
inadequate statistics to make strong predictions of the Nigeria forest ecosystem. Available data are based on
conservative projections and guesswork because the forest monitoring and evaluation activity network in the country
had been comatose for more than a decade. Nigeria forest information and data according to U.N. FAO (2010) showed
that 9.9% of about 9,041,000ha of Nigeria was forested. By 2018, tree cover in Nigeria was 10,326,662ha which
represented marginal increase over eight years’ period from 2010 to 2018. Tree cover of 11.3% of the total land area
is still far below the recommended 25% by FAO and demands attention.
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NIGERIA FOREST ECOSYSTEM POTENTIAL

Forests provide a wide range of goods and services that create opportunities for (1). Industrial development and
Revenue generation (2). Human well-being and Citizen Empowerment. Forest resources directly support the
livelihoods of Nigerians living in extreme poverty and are home to many tropical terrestrial biodiversity. The overall
value of these goods and services is immense and if the value of carbon sequestration is added, the importance ofthe
forest ecosystemfor supporting local livelihoods and their security is clear.

y = 0.4494x+ 91331

Ratlo of Forest area to Total area X 100

o . ,
1985 1990 1995 2000 2005 2010 2015 2020

Years
Figure 1: Declining forest area in Nigeria ower years

Forest wealth include provision of construction lumber, fresh water, shade (microclimate and shelter), non-timber
forest products (NTFPs), habitat functions, grazing, cultural (sacred groves, peace trees and plants, meeting places,
boundaries and training areas), food, income or medical needs also aesthetic values. When we lose the forests, the
entire ecosystem falls apart. Ironically, forest disappearance is the root cause of a vicious circle of draught and
environmental decline. It is a significant contributor to global warming; thus, protection and conservation forest are
inevitable. Today, approximately 2,500 full time employees are engaged in the management of protected cons ervation
forests in Nigeria.

The term ‘Reducing Emissions from Deforestation and Forest Degradation’ (REDD) describes diverse sorts of
programs, which use direct monetary or other incentives to encourage developing countries to limit and/or roll back
deforestation. In both rain forests and dry forests, the agents of deforestation are similar but with the industry more
prominent in the southern rain forest states, while support to human, livestock and wildlife survival is more prominent
in the northern dry forests and woodlands.Nigeria’s forest is estimated to contain 1,085 million metric tons of carbon
in living forest biomass. The ecosystem also assists in biodiversity conservation. By 2010, the growing stock in
Nigeria’s forest was about 128m3/ha totaling 1,161 million m?. They are generally hardwoods of which less than 20%
of them are classified as commercially known species. Nigeria also has some 1,417 known species of amphibians,
birds, mammals and reptiles according to figures from the World Conservation Monitoring Centre. Of these, 1.2% is
endemic, meaning they exist in no other country, and 3.5% are threatened. Nigeria is home to at least 4,715 species
of vascular plants (Table 1) and 4.3% of these is endemic.

Table 1:Biodiversity and Conservation data in Nigeria (2018)

Taxa Species count Threatened species count
Mammals 285 31
Birds 864 21
Fishes 775 74
Vascular plants 4,715 205

Adapted from IUCN Red List- globalforestwatch.org/Nigeria

However up until now, the recognized functions of Nigeria forests, have not been adequately accounted for.
Conservative estimates, according to Omofomwa and Osa-Edoh. (2008) are Production forests (29%), Conservation
of Biodiversity (28%), other unknown or unclassified uses (43%). With this distribution, the contribution of the forest
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for soil and water protection, social services and landscaping and nature protection are either not clearly defined or
virtually devalued. Nevertheless, people and economies depend on nature foreverything; but, our economies have not
reflected that dependency. Re-valuing our natural systems in terms of the societal, economic, cultural benefits that
they bring will help to drive investment towards themand create new opportunities for local communities.

Appraising the Forest Ecosystem

Less appreciated are Nigerian forests and trees that support key sectors of the national economy, viz. energy, crop and
livestock agriculture, wildlife and ecotourism, water, employment and incomes for livelihood support to many.
Therefore, deforestation and forest degradation are linked to overall national socio-economic development. The forest
ecosystemcontents are therefore characterized to cover a broad spectrum from natural forests undisturbed by human
intervention, natural forests with varying degrees of human modification, and various types of planted forests from
semi-natural to intensive high yield plantations that provide forest ecosystem services and are important for
livelihoods.

Anyhow, it is on record that in 20 years from 1990 to 2010, Nigeria lost 47.5% of its forest area (FAO, 2011) and
such losses have continued unabated. For example, by 2010, Nigeria had 10.9 million ha of natural forest extending
over 12% of its land area but by 2018, it had lost 118 thousand ha of the forest equivalent to 26.4Mt of CO: of
emissions (Mongabay.com, 2019). At an average tree cover threshold of 50%, the calculus was that the country must
have lost 98.7Mt of CO. of emissions between 2001 and 2018 (Table 2).

Forest cover in Nigeria

Going back to the year 2000, 11% of Nigeria was under natural forest cover. The nation had 10 million ha of Natural
Forest, 28.6 thousand ha of Plantations and 80.8 million ha of non-forested areas. By 2010, Ekiti, Bayelsa, Osun,
Ondo, Ogun and Cross River states represent 54% of all tree cover. Ekiti had the most relative tree cover
at 78% compared to an average of 21% computed for the whole country.

Table 2: Biomass and land use carbon emission data for Nigeria

Tree cover Biomass loss 2001 — Average biomass Carbon emissions Average Carbon
threshold (TCT) % 2018 (Mt) loss/yr. (Mt) 2001 — 2018 emission/yr.
(Mt) (Mt)

10 220,383,607 12,243,534 404,036,627 22,446,479
15 203,401,224 11,300,068 372,902,256 20,716,792
20 144,936,896 8,052,050 265,717,650 14,762,092
25 137,165,111 7,620,284 251,469,428 13,970,524
30 109,738,753 6,096,597 201,187,712 11,177,095
50 53,871,793 2,992,877 98,764,986 5,486,944
75 3,916,887 217,605 7,180,957 398,942

TCT isthe tree cover area threshold. 75% = area with > 75% tree cover (dense canopy); 10% = area with > 10%
tree cover (open canopy). Adapted from IUCN Red list

Tree cower loss

Nigeria lost 818 thousand ha of tree cover from 2001 to 2018 (Table 3) equivalent to 8.5% decrease in tree cover
since 2000 and 201Mt of CO> emissions. From 2001 to 2015, 15% of tree cover loss occurred in major municipalities
like Sokoto, Katsina, Kebbi, Yobe and Gombe, all in northern Nigeria where the dominant drivers of loss resulted
in deforestation. Sokoto and Katsina had the most relative tree cover loss at 100% compared to other areas in the
region. It was the period between 2003 and 2009 that Nigeria experienced the lowest annual tree cover loss of less
than 30 thousand ha/yr. Indeed, the average loss/year (2001-2010) was 25,531ha while the average loss/year (2011-
2018) was 75,815ha. Some governments around the world are already acting to tackle similar problems and the
projection was that by 2020, the global annual payments for ecosystem services would reach $300 billion. If correctly
managed, these large sums could mean new jobs and livelihoods particularly for poorer countries. The forest sector
has a key role to play in the transition towards a greener economy and a more sustainable society. This was the
overriding consensus of the Policy Forum on “The Forest sector in the green economy” organized by the United
Nations Economic Commission for Europe (UNECE) and the Food and Agriculture Organization of the United
Nations (FAO) held on 15 October 2009 in Geneva involving participants from Governments, Industry, Trade
associations, and academics from Europe, North America, Central Asia and China. Unfortunately, Nigeria and even
the whole Africa was missing in that discuss.

19



Table 3: Tree cower loss in Nigeria in hectares (2001-2018)

Year Primary forest Tree cover loss (ha)
2001 43,540
2002 6,132 32,411
2003 1,830 13,406
2004 3,055 14,672
2005 1,922 14,672
2006 3,458 26,220
2007 2,753 24,630
2008 4,000 27,541
2009 3,924 25,350
2010 6,781 32,867
2011 7,403 54,011
2012 6,062 35,068
2013 6,385 43,546
2014 9,928 68,819
2015 5,318 41,020
2016 12,336 72,372
2017 17,389 171,538
2018 15,183 120,143

Tree Cover loss (2001-2018) = 818,286ha; Average loss/year (2001-2010) = 25,531ha; Average loss/year (2011-
2018) = 75,815ha
Source: Adapted from IUCN Red List- globalforestwatch.org/Nigeria

Nevertheless, as evidence of ecological damage and economic costs mounted worldwide, interest in identifying
alternatives to ‘business-as-usual’ has also increased. It is now agreed that sustainable forest management would bring
(1). Sustainable landscape management (2). Positive ecological impacts (3). Positive ecosystem services impacts
including tourismand (4). Positive socio-economic impacts. Harvesting patterns that continually sustain primary and
secondary forests; sustain timber and non-timber forest production; encourage recycling, less wastes, renewable
energies and labor efficiency; also minimizes pest and fire hazards while promoting increased carbon sequestration
are on the green cards.

THE GREEN ECONOMY CONCEPT

Greening ofthe economy is a process of reconfiguring businesses and infrastructure to deliver better returns on natural,
human and economic capital investments, while at the same time reducing greenhouse gas emissions, extracting and
using fewer natural resources, creating less waste and reducing social disparities (Cato, 2009; Kennet and Kamarudin,
2012; Kennet et al., 2012). The main objectives of the global green new deal are to reduce carbon dependency and
ecosystemdegradation, revive world economy, promoting sustainable inclusive growth and create new jobs. Climate
change policy is not the only field where the forest sector can contribute to a green economy. Forest green economic
opportunities include ecotourism, sustainable forestry and corporate driven oil palm plantations. Forestry can also
contribute to the conservation of natural resources and to their sustainable growth in other important ways, for
example, through the protection and delivery of water resources; through the protection and enhancement of
biodiversity and the introduction of schemes of payments for environmental services which is promising to develop
and promote, to better value, these functions.

Eco-tourismis a form of travel that aims to offer a unique tourist experience while at the same time improve the well-
being of local communities and environment (Tsioumani, 2015). It offers a pathway to a more sustainable future for
the local community while protecting the natural environment and achieving broad and equitable benefits. It is equally
important that the communities be able and allowed to maintain control over the level and kind of tourismthey want.
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Sustainable forestry by virtue and design encourages investment in good forestry practices using financial and trade
levers to promote improved management where it is needed and promoting forest certification such as that afforded
by the Forest Stewardship Council (UNDESA, 2012). To assist corporate-driven palmproduction, the history of palm
plantation and development in Nigeria should be revisited and the potential for oil palm expansion explored with
degraded soils and vegetation that may offerthe best prospects. Such development should also take advantage ofareas
that have low biodiversity and other environmental values. Industry-endorsed mechanisms such as roundtable on
sustainable palm oil (RSPO) and its principles for sustainable palm oil production could be adopted to invoke new
economic opportunities in the oil palmsectorto take care of unsustainable forest conversion practices. When industries
and corporations adhere to credible global standards, palm plantation enterprise would promote greater economic
activities while decreasing the rate at which forest areas are converted to agricultural lands.

The foregoing are opportunities that Nigerian forests must explore to advance transition to a green economy and
greener jobs. These are remarkable, so also is the need to place greater emphasis on the social aspects of forests and
the forest sector. Chronic structural flaws are however noticeable in current economic models and assumptions focused
on increasing GDP above all other goals. The extant paradigms might have improved incomes and reduced poverty
for hundreds of millions, but it comes with significant and potentially irreversible social, environmental and economic
costs. Poverty persists for as many as two and a half billion people worldwide, and the natural wealth of the planet is
rapidly being depleted. In a recent global assessment, approximately 60 percent of the world’s ecosystem services
were found to be degraded or used unsustainably. The gap between the rich and poor kept increas ing and the gap
between the highest and lowest income earners widens daily. While the prevailing economic growth model focuses
on increasing GDP above all other goals, a green economy promotes a triple bottom line arrangement that sustain and
advance economic, environmental and social well-being.

The persistence of poverty and degradation of the environment can be traced to a series of market and institutional
failures that make the prevailing economic model far less effective than it otherwise would be in advancing sustainable
development goals. These market and institutional failures are well known to economists, but little progress has been
made to address them. For example, there are “missing markets” — meaning that markets do not systematically account
for the inherent value of services provided by nature like carbon sink, microclimate impacts, land protection etc. There
are also insufficient mechanisms to ensure that polluters pay the full cost of their pollution.

We certainly need economic development to thrive. At the same time, we need a healthy environment to survive.
Green growth is the pursuit of economic development in an environmentally sustainable manner. The ultimate goal is
improved human well-being and social equity, while significantly reducing environmental risks and ecological
scarcities. It is an economic development model based on sustainable development and knowledge of ecological
economics (UNECE, 2009; UNEP, 2010). The anchoring pillars of sustainability are social equity, economic viability
and environmental compliance that consider natural capital and ecological services as having economic value. Green
economy is a component of the ecosystemin which it resides and it accounts for biodiversity while providing surplus
value to the human economy. Forest green economy, in particu lar, embraces Renewable energy, Waste management
and Land management.

GLOBAL GREEN ECONOMY INDEX

The Global Green Economy Index™ (GGELl/ http://www.dualcitizeninc.com/ggei, 2012), elucidated four primary
measures for assessing and referencing a national green economy as (1) Leadership and the extent to which national
leaders are champions for green issues on the local and international stage (2) Domestic policies and the success of
policy frameworks to successfully promote renewable energy and green growth in home market (3) Clean technology
; the perceived opportunities and corresponding investment climate in each country (4) Green tourismand government
commitment to promoting sustainable tourism. Clean technology includes green energy generation based on
renewable energy to substitute for fossil fuels and energy conservation for efficient energy use. Investment in these
directions is capable of attenuating global greenhouse gas emissions (Hoffman, 2011). Green economy may need
government subsidies as market incentives to motivate firms to investand produce green products and services. Green
strategies can be highly profitable for corporations that understand the business case for sustainability and can market
green products and services beyond the traditional green consumer. In circumspect, ‘green sticker’ and ‘eco-labeling’
are currently being adopted by industries as forest standards for promoting greening practices in a globalizing
economy.
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Harnessing the Vision

The transition to Green Economy is a trending issue of international dimension with long range perspective and many
countries are already demonstrating leadership by adopting national “green growth” or “low carbon” economic
strategies. There is deeper appreciation today by many governments, companies, civil society and the public that we
are reaching planetary limits, not just in terms of greenhouse gas emissions butalso in our use of forests, wetlands and
other natural resources. National dialogues have conjectured that lasting transition to green economy must be built on
‘SERAC’: i.e. Sustainable development, Equity, Resilience, Accountability and Citizen empowerment. According to
the Green Economy Coalition (GEC, 2011), a green economy must necessarily (1). Improve governance and
measurements (2). Drive investment and financial flows (3). Invest in natural capital (4). Invest in people and (5).
Deliver sustainable development. The environmental and social costs of the current economic model are becoming
more and more apparent and there are many examples of successful, large-scale programs that increase growth or
productivity in a sustainable manner. For example, the Republic of Korea adopted a national strategy and a five-year
plan for green growth for the period 2009-2013, allocating 2 per cent of its gross domestic product to investment in
several green sectors such as renewable energy, energy efficiency, clean technology and water. The government of
Korea also launched the Global Green Growth Institute established to help developing countries specially to develop
green growth strategies. The United States Forest Service endorsed the American Recovery and Reinvestment Act of
2009, which directed $1.15 billion towards capital and maintenance improvement in forest areas and wild land fire
management.

Namibia in Africa has started managing its natural resources to generate economic, social, and environmental benefits.
Local communities across that country are granted the right to use and capitalize on the benefits of using wildlife and
other natural resources within the boundaries of “communal conservancies.” With an economic incentive to
sustainably manage these areas, food and employment is being provided for hundreds of thousands of Namibians in
rural areas. More than half of the jobs are filled by women while the wildlife populations is enhanced. South Africa
started looking at carbon tax and, in the process, announced 1.1 million Rands over three years for green projects.
Tanzania also initiated the Southern Agricultural Growth Corridor of Tanzania (SAGCOT), which has leveraged
public-private sector and multi-donor catalytic investment of over $2bn. The idea came up during the World Economic
Forum Africa summit in 2010 and founding members included Unilever, USAID, Government of Tanzania, Tanzania
Sugarcane Growers Association and Confederation of Tanzanian Industries. The SAGCOT approach raised
agricultural productivity and ensured necessary infrastructure, policy environment and access to knowledge to create
efficient and well-functioning agricultural value chain.

Building a green economy is not about throwing out the old system and starting from scratch, it is about making
choices according to the full cost and not just the financial cost of all activities. Intensive logging can seem attractive
because it yields a high profit. In a ‘brown’ economy, the cost of cutting down a forest only includes the cost ofbuying
the land, hiring labor, purchasing machinery and tools, and manufacturing a final product. Alternatively, in a green
economy, the full cost of cutting down a forest includes damage to habitats and biodiversity, reduction in carbon -
storing tree cover, loss of the social and cultural value of the forest, as well as the inability of future generations to
reap these and other benefits fromthe forest. Under the green economy model, therefore, it makes economic sense to
manage the forest sustainably rather than cut it down all at once to maintain these non-financial benefits. Waste
products could ultimately become manufacturing inputs to enhance recycling and resource use efficiency. With
reference to asustainable product, such as sustainably harvested timber products, a mes sage need be sentto producers
to transit to sustainable practices to win over potential customers.

Emerging Challenges

Implementing a green economy requires accounting for the contribution of nature to GDP and rethinking capital
allocations, incentives, markets and development indicators. Projects on “payment of environmental services” implicit
in REDD+, according to Bond et al. (2010), have so far mixed results. We price forest products and services, but not
ecosystem functions that make those products and services available. According to Masiero et al. (2019), this is a
fundamental flaw. For example, if the price of carbon is low, it would not reflect the magnitude of the problem or the
urgency to contain it, even the cost of supporting the ecosystemfunctions.

Forest industry position

The forest industry sees its future as a central player in the new green bio-economy. Promoting harvested wood
products, such as wood for construction or furniture, or biomass for energy is an important strategy for maximizing
the economic, social, and environmental potential of the forest sector (Climate Investments Fund, 2018). In Nigeria,
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the sector provides jobs for not less than 10,000 full time employees. Achieving a green economy that both protects
forests and improves livelihoods will require technological advances towards a green bio-economy within the forest
industry, and much more concerted investment in locally-controlled forestry. While both are necessary, supporting
community forestry will be a strong foundation to achieving a fair, green economy. Forest certification systems play
a significant role to regulate harvest and demonstrate that sustainable forest management is commendable. The
importance of sustainable forest management and on-going efforts to reduce deforestation are helpful to fully realize
the benefits of forests in a green economy. Governments will need to take an active role, including through policy
reforms, to create incentives to maintain and invest in forests and introduce disincentives to modify market signals
and associated rent-seeking behavior. Examples of policies include national regulations, smart subsidies and
incentives, information management, supportive international markets, legal infrastructure, and conducive trade and
aid protocols.

Deforestation and fire alerts

There were 879 Global Land Analysis & Discovery (GLAD) deforestation alerts reported in the week of the 6th of
January 2020 which falls into the dry season. The seasonaltrend is normal compared to figures for the same period
in previous years. As for fire alerts, 14,102 Visible Infrared Imaging Radiometer Suite (VIIRS) fire incidences were
reported by NASA in the week of the 30th of December 2019 but this was unusually low compared to the same
week in previous years. More deforestation and fire alerts are usually experienced in the dry seasons and should be
tackled headlong.

Dignified engagement

Decent green jobs are desirable in the forest sector. Green economy means reducing social disparities, which implies
that green jobs in the wood and forestry sector must provide adequate social protection, appropriate working
conditions, respect of rights of workers, including participation and dialogue. The forestry sectormust ensure an
adequate level of reward for services provided by forest entrepreneurs to attract decent wages and generate
investments. Policy measures that guarantee such investment and commensurate incentives must be inserted in
future update of the extant National forest policy (2006).

Considering the challenges so outlined, the transition to a green economy will therefore not be easy because even
when emerging solutions make economic sense, they may be politically challenging. Nonetheless, we must stop to
see sustainability as a cost or hindrance but a key driver to innovation and progress. The bigger challenge is how we
move towards an economic system that will benefit more people over time. Transitioning to a green economy will
require a fundamental shift in thinking about growth and development, production of goods and services, and
consumer habits. Green growth is relevant to the forestry sector; yet, challenges to large-scale adoption of green
growth policies remain. This transition will not happen solely because of better information on impacts, risks or good
economic analysis; ultimately, it is about politics and changing the political economy of how big decisions are made.

Forests in the 215tCentury Nigeria

Analyzing the prospects and perspectives, it is evident that forest resources have a lot to contribute in diverse ways to
green economy in Nigeria. Over-harvesting and unsustainable forest management due to illegal Logging are mundane
challenges facing Nigeria’s forest management today. Nigeria forestry is also challenged by issues of soildegradation,
rapid deforestation, urban air and water pollution, desertification, periodic droughts and flooding, loss of arable lands
and rapid urbanization. The concerns about depletion of forest resources also apply to NTFPs threatened by
deforestation and over-harvesting. Many NTFPs that have found niches as important marketed products are now
recording lean availability because of over-harvesting or inappropriate harvesting techniques.

Deforestation has negative implications on the environment in the form of soil erosion, loss of biodiversity, loss of
wildlife and increased desertification. The annual rate of deforestation in Nigeria was estimated at 3.5% which is about
350,000 — 400,000 hectares per year (Odjugo, 2010). Industrial roundwood demand is on the increase to satisfy rising
population and construction as well as fuelwood markets. Despite export restrictions on roundwood, the market for
illegal flitches is on the rise to satisfy domestic demands. It is therefore essential to arrive at solutions aimed at
sustainable management of existing forests while thinking of value addition.

Strategic cocktails for sustainability
- Forestry professionals must communicate better on the sector’s role since public perception surveys show a lack of
awareness about the potential of wood for mitigating climate change. In the transition of the forest sector to a green
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economy, communication and education must be encouraged to increase the attractiveness ofthe forest sector and the
products and services it provides. Politicians and decision makers should be made to see green economy as a viable
economic paradigm, driving growth of income and jobs, while reducing environmental risks and scarcities.

- Ensure best possible use of forest and forest products certification to promote the sector’s contribution to greening
the economy. Deal effectively with increased competition for different uses of wood. Increasing overall demand for
wood may lead to situations where sustained availability of raw material becomes critical. We must promote the
rational use ofwood, with highest values first, cascading downwards, and eventually completely using wood residues.

- Ensure intra- and inter-sectoral coherency between policies that promote green economy because economic stimulus
efforts can only provide short-term benefits to the forest sector. Governments’ long-termvisions are needed to enable
a real shift as energy and climate change policies, for example, will likely have longer term effects on the forest sector.
Design the best possible mixand balance of different types of policy measures and instruments, including regulations,
subsidies and taxes, public procurement, trade measures.

- Ensure adaptation of forests and forest management to climate change. This is a prerequisite for a long-term
contribution of the forest sector to climate change mitigation.

-There should be broad collaboration and coordination among the Nigeria's leading forestry institutions and experts
who must access and disseminate in a timely version latest knowledge and data to inform policy choices.

- Greater visibility of the transition process can motivate voters and consumers not just because of the costs but also
the economic benefits generated by a green economy, such as new jobs and new markets. People will not adopt policies
because they are green. They will do so when they believe it is in their interest.

- Identify and take advantage of political leadership when available as this will be crucial to limit the undue influence
of “dirty” economic holdouts.

- Green Economy advocates must be ready when that window of opportunity presents itself. A generalized projection
is that a 2% of GDP investment in green economies could create 9.6 million new and decent green jobs.
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Figure 2: Green economy’ is a new economic paradigm, driving growth of income and jobs, while reducing
environmental risks and scarcities—in short, delivering sustainable development. (Diagram after Wagner et al.
2002)
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In short, green economy should deliver sustainable development (Figure 2) that would sharply reduce or even reverse
environmental damage while also mitigating climate change or aiding adaptation to it. It is an alternative economy
based on acknowledgement of the value of nature to people and incorporation of natural capital into economic policy
and private sector decision making. The concept of a green economy has developed largely in response to the need
for low-carbon development strategies. In addition to being dramatically less carbon intensive, a green economy in
Nigeria must fully value natural capital as an engine of sustainable development.

Green Economy Opportunities inthe Forest Ecosystem

Because of its specific characteristics as a sectordependent on multifunctional renewable resources thatprovide many goods
and services, which are not marketed in a conventionaleconomy (UNECE/FAOQ, 2013), the forest sectoris influenced by,
and should play an importantrole in a green economy. Decoupling economic growth from environmental degradation is
embodied in the UN Sustainable Development Goals (SDGs). Green growth seeks to spur investment and innovation
in ways that give rise to new, more sustainable sources of economic activity and jobs (Figure 3).

Environmental services from forests go beyond timber production. Many values and services provided by forests
should be better recognized and compensated. For example, wildlife and nature-based tourism could constitute major
economic activities in the national parks. In Yankari and Borgu games reserves, revenue from tourismis significant
but human costs and factors associated with tourismsuch as displacement of communities and proper stewardship
need also to be accounted for.
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Figure 3: Green growth knowledge platform

Source: https://www.greengrowthknowledge.org/sites/default/files/
SDG_and_Green_Growth_Infographic.pdf

Urban and community forest strategies may need to include urban landscapes and green corridors as add -ons. Other
important services provided by forests in Nigeria are protecting watersheds and regulating climate. Forest cover is
important for maintaining good water quality by minimizing soil erosion, regulating flow, and providing protection
from floods. All of these have significant implications for the economy.

Concerning fuelwood plantations/ biomass energy, wood currently represents the most important source of bio energy
in Nigeria. When fossil fuel prices are high, wood energy is seen as a growing opportunity for wood utilization. To
diversify into renewable energy, primarily bioenergy is based on our ability to guarantee fuelwood supply, because of
demand, in terms of land ownership, but this depend considerably on financial incentives expected from public
authorities. Biomass energy can play a significant role in future energy supply. Second generation biofuels could be
competitive with oil in a future with oil prices ranging between $70 and $100 per barrel (UNECE/FAO, 2013). In
contrast to other perennial crops, wood energy has a better public image than biofuels derived fromannual crops and
especially investment in oil palm, which has been accused of contributing to deforestation, reducing food supply and
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subsequently driving up food prices. How the price of wood energy compares with the prices of competing energy
sources is crucial. So also, the prospect of technological advancement enabling more efficient use and possibly easier
transport of wood energy.

In Nigeria, millions of wildlife dies from blazing fires attributed to cultural burning every year. The emerging
standpoint is that forest resources, even if not further developed, must be preserved and sustainably managed. That
means, protected against excessive exploitation and against other disturbances of biotic and abiotic nature. This is
very important as climate change is likely to bring more frequent and intense threats in the form of fires, insect
invasions and storms.

Private forests ownership in Nigeria is still nominal and yet to be adapted clearly into the landscape. Private forest
ownership by individuals, business entities, institutions, local, indigenous and tribal communities must be encouraged
and targeted to contribute to climate change adaptation, given its various positive externalities, such as its role in water
resources protection and many other environmental services. Certification of private forest establishments are useful
for ensuring proper management, but the cost of certification may be limiting to small forest owners who cannot afford
certification rates and therefore must regroup and cluster themselves to demand necessary acknowledgement.

Non-timber forest products viz: - Edible fruits; Honey; Medicines; Fodder for Livestock’s are also viable dividends
of forest investments. Studies have shown the importance of NTFPs, both marketed and non-marketed, for people’s
livelihoods in Nigeria with wild foods and fodder for animals being important uses after fuel wood (Larinde et al.,
2017).

CONCLUSIONS

Rapid economic development has been a boom to human well-being. It has lifted millions out of poverty, raised
standards of living, and increased life expectancies. But economic development comes at a significant cost to natural
capital—the fertile soils, forests, coastal marshes, farmland etc. that support all life on earth. Economic and
environmental protection are two sides of the same green coin. The dilemma of our times is to figure out how to
improve the human condition without destroying the natural capital. If ecosystems collapse, so eve ntually will human
civilization. In the developing world and the tropics, the links between economic and environmental activities
appeared as concerns over deforestation and land degradation. One answer is inclusive green growth—the efficient
use of natural resources. Inclusive green growth minimizes pollution and strengthens communities against natural
disasters while reducing poverty through improved access to health, education, and services. Its genius lies in working
with nature rather than against it. A range of approaches used around the globe to conserve and restore earth’s forest
ecosystems, include (1). Government subsidies (2). Regulatory-driven mitigation (3). Voluntary conservation (4).
Water catchment conservation funds (5). Market-based transactions (5). Bilateral and multilateral payments

Nigeria’s forest capital is acknowledged to have significant social and economic value at local, national and global
levels. This includes social values related to traditional knowledge, the value of biodiversity and ecosystems in
creating resilience to a changing climate and the value of ecosystemgoods and services used as inputs within multiple
sectors of the economy. The natural forest capital has gradually declined over years with concomitant decline in
ecosystemgoods and services. Climate change, coupled with deteriorating ecosystems and biodiversity from land use
change is having further impacts that gravely affect human wellbeing. The unsustainable practices of one economic
sector are however having downstream impacts on other sectors and on the local people. Few industries are
considering the high costs of degraded forest or lost ecosystem services, which are eroding their long -term economic
prospects and viability. Thus, shifting to a green economy that values and invests in natural capital would sharply
reduce many ofthese negative trends while supporting climate change mitigation and adaptation. Its creation depends
on the incorporation of natural capital values into economic policies and private sector decision making.

The potential benefits of such a shift include reduced poverty, more rapid growth, stronger local economies and
enhanced resilience to climate change. A green economy is essential to ensuring long-term, sustainable economic
growth and development. However, urgent action is still required by governments and other stakeholders working in
partnership, because the cost of action is far less than the cost of inertia. Up tillnow, the Nigerian forest sector has not
taken advantage of existing green stimulus packages introduced by governments to boost weakened economies.
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A forest contingent green economy would ultimately increase human well-being and social equity while
significantly reducing environmental risks and ecological scarcities. It would deliver inclusive growth while
sustaining natural capital to provide NTFPs, food, water, climate, soil and resource security. Deliver on
development priorities of local and national governments for the benefit of society, particularly its most
impoverished segments and secures more natural stocks for future use, enhances the provision of goods for
revenue generation opportunities and avoids costs associated with damaged ecosystemservices.

We must be consistent in championing fairness, inclusion and ecological limits within the green economy
narrative. We must also focus on resilient dynamism while championing equity and environmental limits.
Sustainable Forest Management (SFM) is key to containing deforestation and forest degradation. Managing
forests with an additional objective of reducing emissions could gradually be promoted as a regular good
forestry practice that generates green and decent jobs for all.

Better use of National Forest Programmes is key to forest policy formulation, planning and implementation.
We must improve efficiency in harvesting, processing and use of forest products (e.g. fuelwood, timber, and
non-timber products); increase the supply of forest and tree products and services (e.g. plantation forestry,
conservation agriculture with trees, agroforestry); enhance the capacity to assess forests for their ability to
maintain or increase human resilience to climate change and create/develop markets for environmental
services, like carbon.

Forest governance should be strengthened to include rights of indigenous people and forest dependents while
significantly increasing support for multilateral initiatives and programmes.

Greening of the economy is possible in the process of reconfiguring businesses and infrastructure to deliver
better returns on natural, human and economic capital investments, while at the same time reducing
greenhouse gas emissions, extracting and using fewer natural resources, creating less waste and reducing
social disparities.

We must reduce carbon dependency and ecosystem degradation, revive the nation’s economy, promote
sustainable inclusive growth and create new jobs. The challenge will be how to find a balance between food,
fiber and fuel production which can meet people’s needs without compromising the ability of the planet to
absorb safely the consequent carbon emissions generated fromhuman activity.

The wood and forestry sectors can make a significant contribution towards meeting green economy
objectives, linked to climate change policies, mainly through the abatement of greenh ouse gas emissions and
expansion of renewable energy objectives. Having recognized the potential that forests offer as a carbon sink,
it becomes necessary to preserve and expand, when possible, the area occupied by forests.

Wood energy represents the most important source of bio energy in Nigeria. When fossil fuel prices are high,
wood energy is seen as a growing opportunity for wood utilization. For these reasons, it is meaningful to
diversify into renewable energy with increased and sustainable use of renewable biomaterials that have
additional benefit as they sequestrate carbon during their life time.

Main threats to the forest resource base in Nigeria include overlapping rights to forest resources; informal
rights associated with traditional systems of governance that are rarely given official recognition thereby
undermining local users’ incentives to invest in good management. There is need to develop a ‘business -as-
usual’ scenarios for years to come, incorporating likely demand trends for wood and wood fuel materials
based on expected population growth and gross domestic product (GDP). These are to be matched with
estimates of the potential supply of industrial roundwood given the outlook for planted forests and
deforestation. These scenarios may project that demand for industrial roundwood could be two to three times
the current levels. To meet such demand from the existing natural forest designated for production will
require harvesting intensities well above sustainable yield, putting severe strain on the forest resource base
already threatened by deforestation. Additional pressures from other sectors, agriculture particularly, would
have deleterious effects on the ability of forests to deliver key ecosystem services while carbon emissions
will increase, and biodiversity will be threatened.

There must be improvement in forest governance through wider stakeholder participation in forest decision -
making processes; encompassing informal users of forest resources; working towards local control and new
models of engagement with local people and forest communities; promoting access to finance; improving
inter-sectoral coordination so that policy measures in sectors that affect orare affected by forests are coherent
with those in the forest sector; and improving information on forest assets to document the contribution made
by forest ecosystemservices to different sectors.

Forest Green economic opportunities include (1). Ecotourism which is a form of travel that aims to offer a
unique tourist experience while at the same time improve the well-being of local communities and the
environment. It also offers a pathway to more sustainable future for local communities. It provides an
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alternative way to generate income for communities while protecting the natural environment. Involving
communities in ecotourism development is particularly important to achieve broad and equitable benefits.
Equally important is that the communities maintain control over the level and kind of tourism they want in
their land. (2). Sustainable forestry thatencourages investment in good forestry practices, using financialand
trade levers to promote improved management where it is needed and promoting forest certification.

In context, effort is made in this paper to examine diverse ways in which the identified forest resources could contribute
to agreen economy in Nigeria— providing wood products, generating income and jobs, meeting needs for food, energy
and medicinal plants and delivering other key ecosystem services. The ecological footprint of the forest ecosystem
provides essential environmental, social values and services beyond their contribution as a source of wood such as
biodiversity conservation; protection against erosion; watershed protection and employment in often fragile rural
areas. Policy development and monitoring of the forest sector is therefore imminent and the goal would be to achieve
proper valuation of and payment for forest ecosystem services while ensuring ongoing sustainability and building
resilience to climate change.

Deriving from UNEP (2015) recommendations for Africa, green economy approach to forests in Nigeria will
ultimately result in better, more secure lives for people and a more productive natural capital base. Nigerian people’s
welfare derived from forest ecosystemservices such as decent jobs, secure livelihoods and income, health, freedoms,
and culture will improve. Nigeria forest ecosystems will be more productive, secure and restored; the productivity of
forests will increase, enabling the aforementioned benefits. The ecological limits of forest removal or use will be
identified and respected; keeping climate, biodiversity and other planetary boundaries at bay and enabling a safe
operating space for humanity. Resilience will be built into the Nigerian forest landscapes, societies and economies
also forest institutions capability to manage risks and scarcities, adapt to climate change, and diversify economic
activity that will offer much to society. This is fundamentally a human agenda informed by the environmental assets
and hazards connected to forests and the urgent need to improve people’s wellbeing. As such, it emphasizes inclusion
of stakeholders in forest decision-making processes and equitable distribution of costs and benefits. The emerging
calculus offers inclusion of stakeholders in decision making; good governance and accountability; a better quality of
life for the citizenry; delivers ecosystem sustainability; supports equity; genuine prosperity and wellbeing for all;
biodiversity restoration and rehabilitation of degraded habitats to achieve socio-economic and environmental
resilience.
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The Vice-Chancellor,

Deputy Vice-Chancellor (Development),

Deputy Vice-Chancellor (Administration),

Deputy Vice-Chancellor (Academic),

President and other Executive Officers of CFA Nigeria Chapter,
All guests of honour present,

Ladies and Gentlemen and the Press,

I am delighted to be identified and associated with Commonwealth Forestry Association (CFA) Nigeria Chapter on
this 3 CFA Conference at the Federal University of Agriculture Akure (FUTA), Ondo State, Nigeria. | would like to
first of all bring good greetings specifically from my Vice-Chancellor (Professor Muhammad Anjum) and generally
from The Gambia to Nigeria and the Vice-Chancellor of FUTA in person of Professor Adeola Fuwape who is the
Chief Host of this auspicious Conference. | would like to also extend my warm greetings to my colleague-Professor
Busuyi Olasina Agbeja, the President, CFA Nigeria Chapter who invited me to this august gathering today. | quite
believe Professor Agbeja is a dynamic leader who aims at expanding the frontier of knowledge in Forestry and
environmental professions as well as other allied professions like Agriculture, Wildlife and Ecotourism, etc. | am also
grateful to other executive officers of CFA Nigeria Chapter, the Local Organising Committee of CFA FUTA 2020
and all scholars seated here today. We all know that 52 countries around the world are members of Commonwealth
of Nations. The Gambia is one of those fifty-two countries. Therefore, | look forward to receiving Professor Agbeja
in The Gambia very soon to kick start the establishment of Commonwealth Forestry Association, The Gambia Chapter
with me.

Location of the Gambia in West Africa

The Gambia is the smallest country in West Africa in terms of land size (11,300 Km?). It is bordered by Senegal on
all sides but the west, where you have the Atlantic Ocean. The borders generally follow River Gambia, which flows
through the middle of the country from Fouta Jallon Highlands in the east and empties into the Atlantic Ocean in the
west. The Gambia is located on Latitudes 13°4.5! N and 13°48! N and Longitudes 13°48' W and 16° 48' W (Figure
1). The current population of The Gambia is estimated to be 2,405,249 (https://countrymeters.info/en/Gambia). Based
on the rainfall pattern, there are 3 major agro-ecological zones in The Gambia, namely Sahelian, Sudan-Sahelian and
Sudan-Guinean zones. The Sahelian Zone has a Sahelian micro-climate with open dry season savannah vegetation.
There are twenty-two cities in The Gambia, namely: Serekunda, Brikama, Bakau, Banjul, Farafenni, Lamin, Sukuta,
Basse Santa Su, Gunjur, Soma, Sabi, Bansang, Abuko, Essau, Barra, Demba Kunda, Koina, Diabugu, Georgetown,
and Kerewan.
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Figure 1: Map of The Gambia with Latitudes and Longitudes

Forest Ecosystem Potentials in The Gambia and the opportunities for a Green Economy

A Green Economy is a system of economic activities connected with production, distribution, and consumption of
goods and services that results in improving the livelihood of human beings in the long term. A Green Economy also
avoids exposing the future generations to significant environmental risks and ecologic storage, while the circular
economy represents a development strategy that provides forthe economic growth without increasing the consumption
of resources and reducing the impacts on the environment.

The Gambia's commitment to a green economy is predicated on the realization of the economic importance of its
natural resources for wealth creation, employment, livelihoods, poverty reduction, and sustainable improvement of
the welfare of the population. The government of The Gambia has had dynamic focus on restoring degraded forests
and agricultural landscapes with climate-resilient plants, establishing natural resource-based businesses, and
strengthening capacity and policies to implement eco-based adaptation systems. Large scale ecosystemadaptation is
necessary to build climate resilience of rural Gambian communities, whose livelihoods are threatened by the impacts
of climate change. In order to respond to this threat, The Gambia is transitioning towards a sustainable green economy
based on climate-resilient livelihoods and rigorous, evidence-based management of natural resources.

Implementing Ecosystem-based Adaptation (EbA) is a significant part of these strategies and its implementation will
be enabled through The Green Climate Fund (GCF) investment. EbA will both protect the environment and facilitate
the development of the sustainable natural resource-based economy to the benefit of local communities. EbA will be
integrated into planning national, district, and village levels. Agricultural landscapes and degraded ecosystems
including forests, mangroves, and savannahs will be restored using climate-resilient tree and shrub species across an
area of at least 10,000 hectares. This will be complemented by the establishment of natural resource-based businesses
managed by local communities.

The project has since 30t June, 2016 been approved and to be completed on 81" August, 2023. The Gambia’s potentials
for a green economy have been experimented with various strategies to adapt to climate change impacts. In the
agricultural sector, 29.5% introduced new cultivars of crops that they were not growing before, 15.4% have tested
new crop cultivars, 23% stopped growing crops totally, 16.8% stopped growing some crops seasonally, 15%
introduced tree species as better means of adapting, 9.1% tested new tree species, and 3.7% stopped growing some
tree species. These were the most common changes identified by the communities to reduce losses occurring or to
improve gains fromagricultural activities. For instance, in Lower River Region (LRR), 50.7% of the households stated
introducing a new crop cultivar and about 44.2% also stated that they stopped growing some crop cultivars totally.
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Still in the same Region, 35.8% of the households mentioned introducing tree species into their farms as a means of
adaptation. The changes in crop cultivars focused mainly on introducing: short cycle crops (49.1%), high quality
cultivars that are adaptable to climate change (38.7%), drought tolerant species (26.8%) and pretreated or improved
seeds (21.1%). Introduction of fruit trees (17.9%) and timber trees planting (14.4%) were among other adaptation
strategies the communities emphasized.

Off-farm sourcing of food is among the most common adaptation strategies adopted in the Region. Of particular
attention are the LRR and Upper River Region (URR) where reliance on off-farm sources of food extend for over
seven months in a year. Across all the Regions, from May to October, are critical times when communities become
most vulnerable. This is termed the “hungry” season in The Gambia. These food insecure months of the year (May to
October) are when the households have no food to harvest fromtheir own farms.

Besides the off-farm sourcing options, communities have also described how they collect wild fruits and edible plant
parts as means of coping. 48.7% of the households in the study area reported that they collect wild fruits and edible
plants to cope with the food shortage in various months (mainly May to October) of the year.

Key Considerations for Project Implementation

1. Enhancing tree cover on the landscape does not only solve the wood crisis that is happening but also provides
protection of the agricultural areas against soil erosion. Increasing the proportion of nitrogen -fixing trees also helps to
restore the land that is already degraded by replenishing nitrogen and other nutrients. Hence, trees growing in
agricultural landscapes should be given high priority. The choices of species should be done carefully in such a way
that they adapt to the projected climate changes in the Regions. Fromthe socialaspects of the choices of species, itis
also important that community perspectives on what they want to grow be part of the discussions. ICRAF’s approach
of The Right Trees, at the Right Places and for the Right Purpose offers a guiding principle.

2. Wild, edible plants play a key role in minimizing the effects of food shortage. Hence, any tree growing scheme in
the community forests and agriculturalareas should give emphasis to ensuring this natural supply source of food does
not become extinct due to overexploitation. Regional authorities should invest in replenishing forests in the form of
enrichment planting, degraded area plantings and even in ANR activities. In the agricultural areas, such wild plants
could even be domesticated to increase the benefits the communities get from such species.

Nevertheless, in The Gambia, considerable achievements have been made in implementing major strategic issues such
as legislation review, the second national forest inventory, community forestry expansion and awareness creation, and
forest park management. Based on the National Forest Action Plan ( NFAP) in The Gambia, the following entail the
major institutional strategies for Sustainable Forest Management in the Forestry Department of The Gambia:

e Ensure development of policy implementation tools;

e Reserve, maintain, and develop forestland resources covering at least 30% of the total land areas;
e To ensure that 75% of the forest lands are managed;

e Ensure active participation of the public in community forest management;

e Define principles for forest management planning for state, community, and private forests;

e Develop new strategies for the prevention and control of bushfires;

e  Ensure suitable wood supply to forest produce for urban and rural population;

e Ensure that licenses, permits, royalties, stumpage fees reflect the replacement cost of the forest produce;
e Ensure co-ordination of all forest activities at all levels through the Forestry Department;

e Contribute co-ordination and harmonization of forestry and related costs;

e Support applied forestry research to acquire baseline data;

e Support tree planting in the urban areas;

e Maintain a forestry service with an adequate number of institutions at all levels;

e Institutionalize in country training for state, villages, and NGOs;

e Improve Forestry Department’s physical infrastructure and equipment; and

e Provide adequate funding for the Forestry Department.
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In conclusion, on 3-5June, 2019, the third annual World Circular Economy Forum (WCEF) 2019 in Helsinki, Finland,
organized by the Finnish Innovation Fund Sitra brought together over 2,200 of the world’s top business leaders,
policymakers, researchers, and innovators from more than 90 countries to work towards implementing a circular
economy. The forumincluded a dedicated session on Africato discuss the goal of scaling up the circular economy in
the continent. Almost 70 African representatives from different parts of the continent attended the forum.

Therefore, The Gambia has a forest ecosystemwith potentials to fully engage in green economy in Africa.

I wish you all happy deliberations in your 3™ Commonwealth Forestry Association Conference.

Thank you.
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INTRODUCTION

Humanity faces serious challenges in the coming decades from climate change, biodiversity loss, growing inequality,
and more. These systemic global crises cannot be tackled in isolation. To solve these problems, anew economic vision
is required (Green Economy Coalition, 2019).This has necessitated the concept of green economy. According to UN
Environment Programme, a green economy is defined as low carbon, resource efficient and socially inclusive. In a
green economy, growth in employment and income are driven by public and private investment into such economic
activities, infrastructure and assets thatallow reduced carbon emissions and pollution, enhanced energy and resource
efficiency, and prevention of the loss of biodiversity and ecosystem services. Bapma and Talberth (2011) regards
Green Economy as an alternative vision for growth and development; one that can generate growth and improvements
in people’s lives in ways consistent with sustainable development. A Green Economy promotes a triple bottom line:
sustaining and advancing economic, environmental and social well-being.

THE STATE OF NIGERIAN FORESTRY

Borrowing from Mensa Otabil (2002) in his book “Buy the Future”, part of the reasons why forestry in Nigeria is what
it is today may be due to two vital factors. These are, first the values developed for the sector by the colonial masters
which unfortunately has not changed even after over sixty years of independence. Secondly, the way that forestry in
Nigeria has viewed the larger world around it and its response the challenges. Rather than expand its frontiers, forestry
went into “recession.” Every new government in Nigeria sees forestry only from the view of generating money through
logging. In this way, forestry cannot effectively play any role in the green economy. These two factors have ultimately
shaped all the important decisions about forestry so far. For instance, agroforestry appeared a viable option to forest
regeneration at its inception, but it has since remained inefficient in driving the momentum of forestry development
in Nigeria especially in the last decades of the twentieth century. Farmers with connivance with government agencies
and officials invade the forests for the establishment of ill-conceived agricultural projects. After a few seasons of
planting, the farmers often experience a steep decline in their crop production. The answer by forestry should be to
regrade agroforestry by encouraging urban agriculture and forestry, and indoor agriculture and forestry.

Charcoal production is a major problem to the survival of forests in Nigeria. Answers by forestry should include the
encouragement of Terra Cota farming by using charcoal dust to improve soil fertility, and carbon sequestration. There
are many positive implications of this. Farmers will experience better crop production, better product prices as a result
of high Brix degree crops that are nutritionally -efficient. In addition, charcoal can be processed into graphene, a light
weight material stronger than diamond. Graphene is the latest in technology that can be deployed in construction
industries, and electronics among others. Biomass can also be converted into graphene. For forestry to take its place
in a green economy, it must leverage on science and technology. There must be “start-ups” in the sector. Innovation
is an unlimited resource. Innovation is one of the foundations of long-term competitiveness. Growth produced by
“meta-ideas” increase the generation and spread of ideas (Dan Senor and Saul Singer, 2009).

For a developing nation as Nigeria, certain basic assumptions are required with regards to the role of forestry in a
green economy.

1. What is therole of governments in forestry in Nigeria?

2. What is the current scientific and technological outlook of the forest sector?

3. What are the problems confronting the sector?

4. What is the current scientific and technological knowledge exposure of forestry personnel?

5. What is therole of indigenous knowledge in forest management?

6. What are the prospects of forestry in addressing emerging problems in Nigeria?

The answers to these questions/assumptions will provide a focus for the role of forestry in a green economy for the
nation.

I. The democratic governance in Nigeria has produced an unstable environment fora sustainable forestry development.
The forests are usually the first casualty of any newly elected government especially States that still have pockets of
forest reserves. Government actions are characterized by low or no funding of forest projects, ambitious revenue
targets that eventual ruin the forests, and political overbearing influence on forestry policies. Forest reserves are
unilaterally de-gazetted by governments for ambiguous projects such as for agriculture, road and housing
infrastructure.
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Il. The current scientific and technological outlook of the forest sector in Nigeria consists only in the establishment
of new departments of forestry in a few Nigerian universities and monotechnics. However, there is only one research
institute for forestry in the country. This has stifled research and human development in the forestry sector. It can be
said today that forestry has stagnated in all forms in the country.

I1l. The problems confronting the sector are numerous. There are negative political influences, inadequate funding,
loss of forest estates, and personnel that are not up to date in terms of scientific and technological development. No
establishment of new plantations, and management plans are lacking.

IV. The current scientific and technological knowledge exposure of forestry personnel is abysmally poor. There are
no laboratories in forest departments, no exposure to new orientations in forest management.

V. The role of indigenous knowledge in forest management in the country is nonexistent. The British colonial model
of forestry still being practiced totally excluded indigenous knowledge in its programmes.

VI. The prospects of forestry in addressing emerging problems in Nigeria are bright and numerous. Forestry can be
used to adequately address such problems.

3.0 To save the forests from destruction, and use them in green economy, the problems confronting the sector can
also spell out the solutions. They solutions lie in innovative start-ups.

I. Agriculture pressure on forest land:

Solutions: Encourage urban forestry, indoor forestry, and urban and indoor agriculture; anti-weevil, anti-aflatoxin
plants; values from raw cow milk — buttermilk, ghee, butter. These are high economic, nutritional, and medicinal
products. These will help open up herders to more productive ventures and act as a tool to dampen crime.

Forestry should have an inroad into agriculture. There are forest plants that have the potentials to stimulate crop
production. The plant formulations are applied on plant tops to stimulate crop yields. This example can help make
farmers not to keep moving to forest lands.

Il. Pressure of infrastructure pressure on forests;
Solution: Urban and indoor forestry; establishment of healing forests in cities and country sides. These in turn will
help in forest conservation, and enhance bio tourism.

III. Pressure on forestry as a result of urban terrorism. Forests have become casualties in government’s fight against
terrorism. Forests along Benin-ljebu-Ode were ordered cleared by a Police Commissioner when it was alleged that
kidnappers and robbers were using téhe forests as shields. The forests in Borno, Kaduna, Katsina, Zamfara, and other
states have suffered worst destructions.

Solution: A major solution is to declare the plants under such circumstances as internally displaced plants (IDPs). The
plants should be assessed, and many moved to new areas as IDPs for their preservation.

Research into pollen morphology; studies in forensic botany. These will widen the scope of forestry research in the
country. In warfare, there are forest plants effective in expelling bullets lodged in the human body, and also forwound
healing.

IV. The current scientific and technological knowledge exposure of forestry personnelis abysmally poor. There are
no laboratories in forest departments, no exposure to new orientations in forest management. Forest research must
deliberately go into Cold plasma pyrolysis. Oils can be produced from saw dust (see YouTubes).

V. Exploitation:

Solution: Scientific and technological utilization of forest resources. Tropical plants with high lignin values; ethanol
production from harvested leaves, grasses, especially from Anchormanes difformis; Hoslunda opposite as a versatile
plant for the cure of adenopathy, menta illness (boil the leaves and the roots, inhale the steam for fever and mental
illness); earthworm cultivation (vermiculture); utilization of earthworm casts into fluvic and humic acids for various
medicinal purposes; earthworm cast fertilizer, new product for enhancing high performance agriculture; fulvic acid is
employed in cancer cure, and as an antiviral product (fluvic acid envelopes and destroys viruses); production of
“gundruk”
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VI. Loss of culture and language due to deforestation (loss of indigenous knowledge).

Solution: -rain making; -medicinal applications; -forest healing; induced crop production methods; weather
forecasting; soil classification; animal breeding; traditional musical instruments; household utensils; traditional clothe
weaving. Indigenous knowledge is a practical approach to problem-solving. Indigenous knowledge includes
knowledge accumulated over thousands of years, making it particularly useful for problem-solving. Communities
have vetted solutions and knowledge systems overtime, retaining only the efficacious ones. When the December 2004
tsunami struck the Andaman and Nicobar Islands of India, it was feared that local tribal communities would have
perished. But this was not the case: they had correctly read the signs of an impending tsunami and retreated to high
ground (Sahai, 2013). Sahai (2013) further counselled that countries that are repositories of indigenous scientific
expertise should make this mainstream. Investing adequate resources in indigenous science and expanding the base of
education and training in traditional knowledge systems will help to neutralise the bias against themand assist their
inclusion in official policy.

People and governments have to move away from the narrow thinking that the Western style of science is the only
sciencethereis.

VI. Destruction of forest soils:

Solution: Forest soils may hold the key for future war against pandemic diseases, agricultural revolution, and food
security. Forest soils are loaded with micro-organisms. A teaspoon of a productive soil generally contains between
100 million and one billion bacteria (Eliane R. Ingham; Soils 4 Teachers).

Organisms in the soil are both numerous and diverse. They range in size from the one-celled bacteria, algae, fungi,
and protozoa, to the more complexnematodes and micro-arthropods, and to the larger organisms such as earthworms,
insects, small vertebrates, and plants. Soil microbes (or microorganisms) are too small (i.e., smaller than 0. 1 mm) to
be seen with the unaided eye. Bacteria are the most abundant microorganisms in soil, with a population of 1019-10%!
individuals and 6,000-50,000 species per gram of soil and a biomass of 40-500 grams per m? (It’s Alive! Uncovering
the roots of life in forest soils)

A handful of soil contains about 10 billion bacteria, but at the time, earth scientists knew very little about what these
microbes were and what they did.

Soil microbes are not just carbon processors and not only do the vast microbial communities underfoot affect air
quality and global temperatures, they can also affect the taste and quality of the food grown (Elizabeth Svoboda,
2015).

Forest soils are sources of probiotics, and potential drugs. For instance, earthworm casts are sources of varied
hormones, potential drugs, fulvic acid, and fertilizer in high performance agriculture.

VIII. The prospects of forestry in addressing emerging problems in Nigeria are bright and numerous.
Solution: Forestry and forest plants can be adapted to address the problems of overcrowding in the cities. Nigeria
houses some of the largest Christian congregations in the world. This has social and health consequences. Today, the
Churches and mosques have not been allowed to re-open in many places in Nigeria because of the fear of Covid-19.
But forest plants have the potential to purify the air in such congregations. Plants have potential usefulness for large
congregations. Sanseviera trifasciata is one plant with numerous potentials for this. Sanseviera plants are originally
from Africa. They have many health and beauty benefits. Each leaf of Sansevieria contains pregnane glycoside thatis
able to decompose toxic compounds into organic ones. They can also decompose toxic substances, such as carbon
dioxide (CO2), benzene, formaldehyde, chloroform, and tri-cotylene (Endah, 2018). Commonly known as Snake
plant, Mother-in-law’s tongue, and Viper’s bowstring hemp, out of so many houseplants to plant, snake plant is a
must-have. Several studies have shown that indoor air pollution can be as deadlier as outdoor air pollution, and
Sanseviera is one of the most oxygen producing houseplants (Balcony Garden Web7).

Sansevieratrifasciata
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In addition, the plant improves air quality for it is a great air purifier. Snake plant can turn carbon dioxide into oxygen
at night, which is contrast different to the other plant. The plant also improves sleep quality. The plant, in addition,
alleviates sick building syndrome. This is a syndrome where a person tends to be experience illness while he or she
inside a building. The person may generate some reactions such as nose and throat irritation, coughing, itching,
dizziness, and nausea. But the person is usually getting betterwhen he or she leave the building. A research found that
this syndrome strongly related to the air condition in abuilding. Sanseviera this case, the benefits of snake plant as air
purifier can help people with sick building syndrome to alleviate the reaction (Dian Paramita Ayuningtyas, 2018).
The cities and suburbs have become noisy and polluted. Forest plants have the potentials to absorb noise and
particulate matters in the air.

RECOMMENDATIONS

The Nigerian forestry sector must develop avenues to make forestry relevant in the green economy of the twenty first
century. Areas have been highlighted for exploration. The Commonwealth Forestry Association, Nigeria Chapter
(CFA), perhaps along with other forestry associations in Nigeria must become the voice of forestry. The vast array of
opportunities in forestry must be vigorously researched into and the opportunities tapped.
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Protocols

1.0 Introduction

I wish to express my profound appreciation to the organizers for their kind invitation to this important event. Firstly,
it is a great honour to present the key note address for this 3" Annual Conference of the Commonwealth Forestry
Association (CFA). The drive of the CFA for a sustainable forest management is a notable one and their mode of
achieving this is very commendable. The International Forestry Review Journal along with the CFA Newsletter have
afforded us with the latest innovations in the world of forestry. They have also facilitated networking of professional
members and organizations, as we all know that nobody is an island of knowledge; these professional networks have
the potentials of birthing cutting-edge researches.

The theme of this workshop, “Forest Ecosystem Potentials in Nigeria: Opportunities for Green Economy in the 21st
Century”, cannot be more apt than this time when our forest ecosystem is most threatened by human activities such
as deforestation. According to FAO, Africa’s tropical forests lost 10 million ha between 1990 — 2000, and 20 million
ha between 2000 and 2010 (FAO, 2017). Consequently, in choosing the lead topic, | have carefully considered that
the phenomenon of climate change is an important fundamental global challenge which is highly connected to forest
ecosystemand upon which the argument for green economy rests.

2.0 The Global Climate Change

It was not until the last decade of the previous century that any serious attention was paid to the phenomenon of
climate change by the entire world and indeed, scientists, even though its effects had been silently felt across the globe.
The industrial revolution that started during the middle ofthe last century led to increasing release of greenhouse g ases
(GHG) to the atmosphere, global warming and climate change. According to the Intergovernmental Panel on Climate
Change (IPCC, 2007), climate change is defined as any change in the state of climate that is identifiable (e.g. using
statistical tests) by changes in the mean and/or the variability of its properties and that continues for a prolonged
period, usually decades or longer. Climate change may also be defined as any change in climate over a period of
time, either due to natural variability or as a result of human activity. In recent years, occurrence of climate change
has been proved by rising surface temperatures, increases in atmospheric carbon dioxide concentrations and extreme
precipitation events such as floods and droughts (IPCC, 2007; 2013). Generally, the impacts of climate change on
regional basis could include increased frequency and magnitude of droughts and floods, and long -term changes in
average renewable water supplies caused by changes in precipitation, temperature, humidity, wind intensity, duration
of accumulated snowpack, nature and extent of vegetation, soil moisture and runoff (Christensen et. al., 2007).

However, while the impacts of climate change are global, its effects are expected to be regional. There appears to be
a general agreement that developing nations, such as those in Africa, are more expected to be affected by the global
impacts of anthropogenic GHG emissions given their low adaptive capabilities caused by lack of technical knowhow
and poverty (Callaway, 2004; IPCC, 2007). The United Nations Framework Convention on Climate Change
(UNFCCC, 2007) further observed that regions of the world that are least blameworthy for climate change are the
most vulnerable to the projected climate change impacts. For instance, whereas the African region contributes less to
global warming because of the general low level of industrialization, warming is likely to be larger than the global
annual average over the continent (Christensen et. al., 2007).

Drivers of climate change are natural and man-made substances and processes that change the Earth’s energy budget
(IPCC, 2013). They are the elements that contribute to GHG emissions, directly or indirectly (Blanco et al., 2014). As
reported in literature, the major drivers of GHG emissions are consumption (Hertwich and Peters, 2009), international
trade (Jakob and Marschinski, 2013), population growth (O’Neill et al., 2010), economic growth (Carson, 2010; Lim
et al., 2009), structural change to a service economy (Nansai et al., 2009) and energy consumption (Malla, 2009).
These drivers have been so documented because of their capacities to heighten GHG emissions within the global
environment.

3.0 Recipients of Effects of Climate Change

Unfortunately, however, as human activities exacerbate climate change, mankind also faces the consequential negative
impacts of climate change. For instance, during the last century (between 1906 and 2005), the average global
temperature rose by about 0.74 °C in two phases- from 1910s and 1940s and more strongly from 1970s to the present
(IPCC, 2007). However, the increase has been more rapid (about 0.18°C per decade) in last 35 years, with the decade
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2001-2010 being the warmest decade on record (Figure 1, WMO, 2011). IPCC (2018) also reported that if greenhouse
gas emissions continue at the current rate, the temperature ofthe atmosphere will increase by 1.5 °Cabove preindustrial
levels by 2040, intensifying droughts (Figures 2 & 3) and increasing poverty especially in developing countries. A
direct result of this may be heat wave which also can lead to heat stress in livestock and plants thereby resulting in
poor yield. The consequences can even be more severe for humans, causing death. The United States of America
recorded 2,190 deaths from excessive heat between 1992 and 2001 alone (Sree et al., 2016). Nigeria has also
experienced extreme heat, with temperature reaching 42.2 °C in Minna in April 2019 (Al Jazeera, 2019). Climate
change has also been largely responsible for the displacement of people in many parts of the word. In 2012 alone,
98% of all displacement was related to climate and weather related events (IDMC, 2013). Marzeion and Levermann
(2014) predicted that a temperature increase of 3 °Cwould create a sea level rise that would force 600 million people
to find new homes.
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Figure 1. Decadal global average combined land-ocean surface temperature (°C), redrawn from WMO
(2011).
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Figure 2: Projected future changes in 12-month droughtintensity (top panels) and frequency (lower panels; number
of months per decade) over the Niger River Basin for RCP4.5 and RCP8.5 forcings. The droughts are characterized
with SPEI (left panels) and SPI (right panels) (Oguntunde et al., 2018).
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Figure 3: Projected changes in severe drought magnitude (SDM; upper panels) and severe drought frequency (SDF;
lower panels; months decade!), averaged over the basins (NRB and VRB) under different GWLs for RCP8.5 scenario

(bars) and RCP4.5 scenario (dots), (Oguntunde et al., 2020).)

More disasters are predicted to occur across the world if climate change is not efficiently tamed. Climate change may
lead to increase in hurricane intensities due to warmwaters which is a catalyst for storms. According to GFDL (2020),
an 80 year build-up of atmospheric CO2 at 1%/yr (compounded) will lead to about one-half category increase in
potential hurricane intensity on the Saffir-Simpson scale and an 18% increase in precipitation near the hurricane core.
Globally, crop yields have been projected to decrease due to climate change events such as reduced rainfall and high
temperatures. According to IPCC (2014), global wheat and maize yields are already being negatively impacted by
climate change. This trend will continue unless prevented and could lead to food scarcity and political unrest. With a
0.5 mrise in sea-level by 2070, there will be devastating potential losses in coastal cities around the world according
to a study (OECD, 2008). Cities like Calcutta, India would have 14 million people and US$ 2 trillion assets at risk,
while Miami, US, would have 4.8 million people and US$ 3.5 trillion assets at risk. Even Lagos, Nigeria, according
to the study, will have 10.9 million people and US$ 117 billion assets at risk. Climate change could have a devastating
impact on hunger and malnutrition.

Coming down to Africa and the sub-regional West Africa, desertification has expanded, continuous shrinkage of Lake
Chad Basin has been reported (Lienou, 2013) and part of the Niger River Basin (NRB) has dried off with only nine
out of its original ten countries covered, now active (Anderson and Golitzen, 2005; Sherbinin et al., 2013). As
important as the NRB is to the economy of West African countries, several studies (e.g. Conway and Mahe, 2009;
Van Mliet et al., 2013; Oguntunde et al., 2018; 2020) have also reported its high susceptibility to the influence of
climate change. According to the International Food Policy Research Institute (IFPRI), the risk of hunger as a result
of food production decline will increase by 20% in 2050. Developing nations would be worst hit as calorie intake will
drop, resulting in an additional 24 million malnourished children by 2050, almost half of whom will be living in sub-
Saharan Africa (Nelson et al., 2009).

Within the context of Nigeria, extreme climate events such as flood and droughts have been on the increase
(Oloruntade et al., 2017) with serious devastating effects on the economy ofthe country. For example, the flood which
ravaged some parts of Kogi State during the summer of 2012 alone was reported to have led to the loss of properties
valued at over 40 billion Naira (219.6 million USD) with many inhabitants of over three hundred communities affected
also put at a further risk of diseases outbreak (The Punch, 2012). There has been intermittent yearly washing off of
water control and storage infrastructures such as bridges, dams and reservoirs especially in the northern part of the
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country. Desert encroachment has been further intensified leading to the migration of many herdsmen from their
traditional abodes, thus, precipitating feuds and clashes between the herdsmen and farmers in many parts of the
country. Of course, the list can go on! In the area of food production, Adebisi-Adelani and Oyesola (2014) reported
that as a result of climate change, there was decline in the production of tomato across the different agro -ecological
zones of the country between 2000 and 2009. It is not also unlikely that climate change may have caused the
development and spread of new diseases and pests which farmers have to contend with during agricultural production.
Some destructive impacts of climate change (Leslie Baehr, 2014) that threatens the existence of humans on earth are
presented in Table 1.

Table 1: Destructive Impacts of Climate Change that Threatens the Existence of Humans on Earth

S/N Climate Change Impact Specific Impacts Source
1 Increase in flooding e High precipitation of longer duration Leslie Baehr (2014)
e Flooding of low-lying coastal areas
2. Decrease in global crop yields | e Reduced rainfalls IPCC (2014)
¢ High temperatures
3. Displacement of millions of o A temperature increase of 30C would displace | Marzeion and
people 600 million people Levermann (2014)
4, Heat waves e Heat stress in livestock and plants Sree et al., 2016
e Death of humans
5. Elimination of historic places ¢ 40 UN world heritage sites will be at risk Marzeion and
Levermann (2014)
6. Increase in Hurricanes e Increase in potential hurricane intensity GFDL(2020)
e Increase in precipitation near the hurricane
core
7. Decrease in fisheries e Reduction in the population of fishes IPCC (2014)
e Reduction in catch of fishes in some areas
8. More risk for people and assets | « Millions of people will be at risk OECD (2008)
in coastalareas e Billions of assets will be at risk
9. Extinction of some reptile e Difficulty in producing offspring in some | Leslie Baehr (2014)
species reptile species that depend on ambient
temperature will threaten their survival
10. Millions of people may go | e There will be an additional 24 million | Nelson et al. (2009)
hungry malnourished children by 2050
11. Increase in costs dueto climate | e Global climate change costs will reach | DARA (2012)
change $US700 billion annually by 2030
12. Increase in scarcity of water e Some areas may enter a state of “new or | Gerten etal. (2013)
aggravated water scarcity”
13. Increase in droughts e Increase in frequency of dry days in some | IPCC (2014)
areas
e Water pollutant concentrations could rise
14. More water sources will dry up | e Meltwater yields from stored glacier ice will | IPCC (2014)
increase, causing lack of water in the long-
term
15. Small island nations could be e Existence of some island nations is threatened | IPCC (2014)
eliminated by rising sea levels
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4.0 Some Empirical Climate Change and Impacts Studies

Mr. President of the CFA in Nigeria, you will recall our discussion leading to this invitation was hinge on sharing our
climate change experiences with the participant. I have tried to summarise, in this presentation, a few results from our
research work in this area as presented in Table 2. Permit me to state that these studies varied fromlocal or field scale
to country-wide, basin-wide and regional scales.

5.0 The Conference Theme and Some Recommendations

So, any hope for mankind? This is why the ingenuity of the leadership of your Association deserves some accolades
by coming with the right theme for this year’s conference. According to Nabuurs et al. (2007), deforestation in the
tropics and forest regrowth in the temperate zone and parts of the boreal zone remained the major factors responsible
for emissions and removals, respectively, during the last decade of the 20th century, while Alo and Wang (2010) stated
that changes in vegetation structure may modify the climate and hydrological processes at a rate equal or higher than
global warming effects. It is should be noted that West Africa has lost almost 12 million hectares (two times the size
of Togo) of tropical forest (FAO, 2009) and that the annual deforestation rate is 1.17 percent of the total land per
annum. Deforestation rate in Africa is more than six times the world’s average (FAO, 2009). The IPCC estimates that
deforestation produces 5.9 billion tonnes of CO2 per annum, which account for about 18% of global CO> whereas, the
tropical forests across the globe store about 428 Gt of carbon in vegetal cover and soils (IPCC, 2000). Oyenkwelu
(2017) reported that globally, forest and forest soils store about one trillion tonnes of carbon, which is about twice the
amount resident in the atmosphere.

Fromthe foregoing, it is obvious that without deliberate efforts at changing the narrative as exemplified by the theme
oftoday’s conference, mankind will continue to suffer the devastating impacts of climate change. If we say there is
hope, yes, it is doable if the right efforts are put in place. The effort must go beyond the rhetoric of planting one three
at a time to a holistic sustainable forest management actions.

45



Table 2: Selected Empirical Climate Change and

Impacts Studies

S/N Research/ study title Study type / Key findings Reference
Scale /Location
1. |Trends and variability in pan evaporation and | Assessment/ Significant reduction in Pan Evaporation with Oguntunde P.G., AbiodunB.J., Olukunle

other climatic variables at Ibadan, Nigeria,
1973-2008.

Local / Ibadan

slight increase in rainfall.
overall reduction in aridity index

0.J., Olufayo A.A. (2012), Meteorol.
Applications 19: 464-472.

2. |Solar dimming or brightening? Radiative
climate change with discussion of its
possible agricultural implications at Ibadan,
Nigeria.

Assessment/
Local / Ibadan

Solar dimming observed

Linked to widespread biomass burning, industrial
and vehicular activities and/or migrated dust haze
from Sahara desert.

Oguntunde P.G., Babalola T. E. and
Abiodun B.J. (2015), Journal of Meteorology
and Climate Science 13 (1): 1-9.

3. |Relationship between rice yield and climate
variables in southwest Nigeria using
multiple linear regression and support vector
machine analysis,

Assessment &
Effects / Local /
Ibadan

empirical evidence of the link between reduced
rice yield and climate variables especially solar
radiation

Oguntunde P.G., Lischeid G., Dietrich O.
(2018), International Journal of
Biometeorology 62:459-469.

4.  |Modeling the effects of climatic variability on
cocoa yield in Ondo State, Nigeria (1976-
2009).

Assessment &
Effects/ Local /
Ibadan

Model change in climate impacts on cocoa yield

Oguntunde S.0., Ajibefun I.A., Oguntunde
P.G. (2013, Applied Tropical Agriculture
(2): 52-57)

5. |Analysis of trends and association between
climatic variables and Cocoa yield in Ondo
State, 1976-2009

Assessment &
Effects/ Local /
Ibadan

empirical evidence of the link between reduced
Cocoa yield and climate variables

Oguntunde S.0., Ajibefun I.A., Oguntunde
P.G. (2014), J. of Meteorol. and Climate
Science 12(1): 7-13.

6. |Rainfall trends in Nigeria, 1901-2000, Assessment/ Empirical evidence that Nigeria landscape was | Oguntunde P.G., AbiodunB.J., Lischeid G.
Country-wide / dryer during the last four decades of the 20th | (2011), Journal of Hydrology 411: 207-218.
Nigeria century.
7. |Spatial and temporal temperature trends in | Assessment/ Average annual temperature has risen by 0.3°C | Oguntunde P.G., Abiodun,BJ., Lischeid G.
Nigeria, 1901-2000. Country-wide / during the last century (2012), Meteorology and Atmospheric
Nigeria Physics 118: 95-105
8. [Implications of Trends and Cycles of Rainfall | Assessment & Empirical evidence trends and Cycles of Rainfall | Alli A.A., Oguntunde P.G,, Olufayo A.A.,

on Agriculture and Water Resource in the
Tropical Climate of Nigeria”

Effects / Nigeria

for different stations

Fasinmirin J.T. (2012), Hydrology for
Disaster Management 1:188-200

9. |Analysis of spatial and temporal patterns in
onset, cessation and length of growing
season in Nigeria.

Assessment/
Country-wide /
Nigeria

Empirical evidence that about 50.0% of Nigeria
landscape exhibit reduction in the length of
growing season

Oguntunde P.G., Lischeid G., AbiodunB.J.,
Dietrich O. (2014), Agriculture and Forest
Meteorology 194:77-87.

10. |Analysis of long-term dry and wet conditions
in Nigeria

Assessment/
Country-wide /
Nigeria

40 - 50% of the land area is manifesting persistent
shift towards aridity.

Oguntunde P.G., AbiodunB.J., Lischeid G,
Dietrich O. (2017), International Journal of
Climatology. 37, 3577-3586
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S/N Research/ study title Study type / Key findings Reference
Scale /Location
semi-arid zone is becoming arid while humid is
shifting to sub-humid regime

11. [Hydroclimatology of the Volta River Basin in | Assessment/ Significant changes in hydroclimatology of the Oguntunde P.G., J. Friesen, vande Giesen
West Africa: Trends and Variability from | Volta River Basin basin N., Savenije H.H.H. (2006), Physicsand
1901-2002.. climate and land use changes linked to the Chemistry of the Earth, 31: 1180-1188

observation

12. |The impact of climate change on the Niger | Impacts / Niger warmer basin in all the months, drier during the | Oguntunde P.G., AbiodunB.J. (2013),
River Basin hydroclimatology, West Africa. | River Basin rainy months transition months Climate Dynamics 40:81-94.

reduction in peak rainfall and runoff, possible
increases in length of growing season that may
lead false start/ cessation of rains

13. |Impacts of climate change on hydro-| Impacts / Volta Significant increase in drought intensity, Oguntunde P.G., AbiodunB.J., Lischeid G.
meteorological drought over the Volta Basin, | River Basin frequency and area extent is projected (2017), Global and Planetary Change 155:
West Africa, 121-132

14. |The impact of reforestation on the Niger River | Mitigation / Niger Reforestation reverses the predicted future Oguntunde P.G., AbiodunB.J, Lischeid G,
Basin hydroclimatology, West Africa River Basin impacts of GHG onrainfall, mean basin air Merz C. (2014), Ecohydrol. 7: 163-176

temperature and soil moisture

15. |Ilmpacts of climate variability and change on | Impacts / Niger Significant increase in drought intensity, Oguntunde P.G., Lischeid G., AbiodunB.J.
drought characteristics in the Niger River | River Basin frequency and area extent is projected (2018), Stoch Environ Res Risk Assess,
Basin, West Africa. 32:1017-1034.

16 |Future projection of droughts over major river | Impacts / four Robustincrease in drought intensity and Abiodun B.J., Makhanya N., Petja, B.,
basins in Southern Africa at specific global | River Basins / frequency over Southern Africa with increasing Abatan A.A, Oguntunde P.G. (2019), Theor
warming levels. Southern Africa GW.Ls, especially over the various river basins. and Applied Climatol.,

https://doi.org/10.1007/s00704-018-26

17 |Droughts projection over the Niger and Volta | Impacts / Two Significant increase in severe drought magnitude | Oguntunde P.G., AbiodunB.J., Lischeid G,
River Basins of West Africa at specific | River Basins / and frequency are projected Dietrich O. (2020), International Journal of
global warming levels.. West Africa increase grows with higher warming levels Climatology.

https://doi.org/10.1002/joc.6544

18 [Modeling the impacts of reforestation on | Mitigation / West the West African climate would be warmer inall | AbiodunB.J., Adeyewa Z.D., Oguntunde
future climate in West Africa Africa the months, drier during the rainy months P.G. Salami A.T., Ajayi V.O. (2012),

the warming and drying would be more Theoretical and Applied Climatology,
pronounced in the western part of the Sahel 110:77-96
19 |[Simulating the impact of deforestation and | Mitigation / West deforestation could reduce rainfall and hence | AbiodunB. J., Oguntunde P.G. and

forest regeneration on crop yield in West
Africa.

Africa

cowpea, millet and maize yields
reforestation would mitigate the impact of climate
change and enhance grain yield

Babalola T. E. (2015), Applied Tropical
Agriculture 20 (2): 110-120
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S/N Research/ study title Study type / Key findings Reference
Scale /Location
20 |Simulating the Impacts of Tree, C3, and C4 | Adaptation/ e Agri-silviculture could provide a win-win solution | Olusegun C.F., Oguntunde P.G. and

Plant Functional Types on the Future
Climate of West Africa

Mitigation / West
Africa

to climate change impacts in West Africa by acting
as a mitigation and adaptation strategy

Gbobaniyi E.O. (2018). Climate 2018, 6(2),
35; https://doi.org/10.3390/
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Now coming to the theme of this conference and as it touches the challenges of climate change, especially in Nigeria,
there is the need to understand what green economy entails. Green economy is an economic system that places
emphasis on the use of non-fossil fuels (alternative and renewable energy). As mentioned previously, the warming of
the globe has been hugely blamed on the use of fossil fuels which releases excess carbon to the atmosphere. Thus,
with green economy, there is an attractive framework to deliver more resource efficient, lower carbon, less
environmentally damaging, more socially inclusive societies (Georgeson et al., 2017). As of today, the concepts of
green economy and frameworks have influenced discourses and policy in many countries. These include the UK,
France and China with a greater focus on growth (Bailey and Caprotti, 2014), a number of countries in Africa (such
as Rwanda, Morocco, Ethiopia, Senegal and South Africa) with emphasis on its ability to deliver transformations that
go beyond current high-pollution development paradigms (UNEP, 2015).

With the continuous rise in global warming and its resultant impacts, it is extremely important that a cost effective
solution be developed fast. Fortunately, experts have proposed that moving to a green global economy will not only
help to protect our planet fromsevere effects of climate change, but is also affordable (WWF, 2009). Green economy
is based on five principles which are the:

v' wellbeing principle: everyone is enabled to create and enjoy prosperity,

v' justice principle: there is promotion of equity within and between generations,

v' planetary boundaries principle: nature is safeguarded, restored and invested into,

v' efficiency and sufficiency principle: sustainable consumption and production is supported and,

v' good governance principle: green economy is guided by integrated, accountable and resilient institutions.
For Nigeria to adopt a green economy, a strategic policy framework must be developed which will provide a road map
for the next 20-30 years. According to International Energy Agency (2009), the policy and regulatory frameworks
established at national and international levels determine whether investment and consumption decisions on energy
are steered towards a low carbon option. Before the development of this policy, a convention of stakeholders must be
launched to outline objectives and scope transition pathways. We must be able to discuss what we want and how we
want to achieve it. Capacity building of people should also be done continuously to create awareness and for
sustainability. Three important elements that should be included in the policy are:

@ Sustainable energy: switching from fossil fuels to renewable energy offers so many benefits, from reduction
in emission of greenhouse gases to cleaning the air and reducing the pollution. Similarly, renewable energy is fast
becoming cheaper as compared to fossil fuels. Government must provide funds for companies dedicated to providing
renewable sources of energy such as solar, wind and biofuel.

(b) Energy efficiency: energy efficiency can play a germane role in reducing the amount of greenhouse gases
emission to the atmosphere. Energy wastage ranges fromlights in unoccupied rooms, poorly insulated buildings to
gas flaring in oil industries. Therefore, energy efficiency regulations and standardization need to be established and
enforced.

(©) Sustainable forest management: sustainably managed forests have important social and environmental
benefits. These benefits include climate change mitigation, conservation of biodiversity, prevention of erosion,
maintenance of watershed and employment in rural areas. Government must therefore provide incentives that would
encourage investments in businesses that ensure sustainability of forests. Previous studies have highlighted the
challenges of sustainable forest management to include (Onyekwelu, 2017; Wale et al., 2000): (i) Deforestation; (ii)
Outdated forest management plan; (iii) Lack of forest certification; (iv) Ineffective forest policy instrument; (v)
Irregular national forest inventory; (vi) Poor investment in forest enterprises; (vii) Ownership issues with respect to
immediate economic gains from the Forest Reserves; (viii) Weak institutions and lack of enforcement; (ix) Poor
incentive for Agroforestry; and (X) Lack of capacity to benefit from Carbon/Emission market or trading. Thus, CFA
experts need continuous engagement of relevant stakeholders to evolve strategic actions that will turn the above listed
challenges to opportunities.

6.0 Conclusion

The most viable and affordable option to mitigating climate change risks remains transitioning to a green economy.
In order to achieve this transition, all stakeholders must meet and formulate a strategic policy that should include
factors such as sustainable energy, energy efficiency and sustainable forest management. We are at a stage where our
actions or inactions will determine if humans will continue to exist on the planet earth or not. There is no better forum
to address this problem than among scholars like you who are consultants to governments in formulating policies on
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sustainable development. There is also no better time to discuss this problemthan now when we have the opportunity
to act and leave a better world for generations coming.
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Abstract

The effects of different growing media on the growth and bloom of Gardenia jasminoides (Jasmine) and Galphimia
gracilis (Gold shower) in order to determine the most suitable potting mix was evaluated. Three different growth
media which include coconut coir, top soil and saw dust were used. Mixture of top soil + saw dust (1:1); coconut
coir + top soil (1:1); saw dust + topsoil + coconut coir (1:1:1) and top soil as control were used for growing
Gardenia jasminoides and Galphimia gracilis. The experiment was laid out in Completely Randomized Design
(CRD). Numbers of blooms, leaf count, stem diameter, plant height were determined and there is no significant
difference among them. Top soil performed best on both plant species (cuttings) in all parameter assessed. The
study confirmed that selection ofthe appropriate medium of growth for potted flowering pla nts were important from
aesthetic and marketing view. Therefore, top soil is appropriate for raising both Gardenia jasminodes and

Galphimia gracilis cutting because of its economic and easy adoption.

Keywords: Galphimia gracilis, Gardenia jasminodes, CRD, marketing and bloom.

INTRODUCTION

Soil is a highly valuable resource to man and it is the medium for plant growth and development. It doubles as
substratum that provides support fornatures diverse. Flora and fauna also serve as a medium fromwhich most nutrient
and water are supplied to the plants and supported mechanically. However man's activities in search of means of
livelihood and in developmental process such as agricultural production, quarrying, and mining and many others have
subjected the soil to various degradation, thus threatening its potential as a sustainable medium of agricultural
production (FAQ, 2015). Apart from soil, saw dust has also been used to raise species of trees at the nursery stage
(Afor, 2001).

Soils in containers do not behave the same as soil in the field. Potting media is defined as the mean where the roots of
cultivated plant-grow and their primordial function is to .give support for plant growing (Kampf, 2000). Commercially
available potting media and soilless mixes are usually made up of different organic ingredients including varying
proportions of peat moss, sphagnum peat moss, shredded bark, and sawdust, as well as mineral ingredients such as
vermiculite, perlite, calcanei clay and sand. Some alternative materials that are being used include shredded coconut
husks (coir), composted yard waste and animal wastes, composted cotton gin wastes, composted hardwood bark,
mushroom compost, municipal compost, rice hulls, peanut, hulls, and pecan shells. Some packages even contain
fertilizer. This soil less mixes are typically lightweight, and weed and disease free. Many different brands and types
of mixes are offered in garden stores, and quality varies widely (Linda and Riddick, 2010). There is no regulation by
state or federal agencies over the content of these mixes and there are no standards that defined what constitutes a
good potting mix. There are requirements to label the product with the names of the ingredients in decreasing order
of volume.
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However because organic nutrients are supplied slowly over time, meeting seedling nutrient needs can be difficult
(Klein and Hammer, 2006). Microbial breaks down organic material, releasing plant-available nutrients that are slowly
available for the plant. Decomposition of materials would provide additional nutrients to the growing medium which
may lead to higher uptake of nutrient by the plant and subsequently high yield. The interest in logical grown cut flower
is blooming. Cut flowers specialty business may fit well into a small scale and part time farming operation. New
growers can control start-up costs by entering' the business slowly through increasing investment and production as
their business and market grow. Cut flower includes basically anything that can be placed in a bouquet or vase. It is
one of the most profitable products one can grow in-a field. There are about 250,000 different types of plants, varying
from giant trees to tiny mosses. They grew almost everywhere on land and in the sea, on plains or mountains, even in
deserts and snowy wastes. About 40% of land is covered by trees and grass. The Plant chosen for this research is
Gardenia and Galphimia. The fruits of trailing Gardenia are small, ovate berries that are relatively inconspicuous. It
can be used as ground cover, container and above ground planter, mass planting, cascading down a wall.

Gardenia species are widely practiced as an omamental flower in bouquets, as house plants, and as outside plants.
This plant is known as one ofthe most valuable plant species in traditional Chinese medicine and is considered highly
effective as a haemostatic agent, drains fire, and is effective in treating injuries to the muscles, joints, and tendons
(Dhamananda and Gardenia, 2003). Gardenia jasminoides is not only used as Chinese medicine for hundred years,
but extract of gardenia fruit have been scientifically studied and proven to be effective for many of same conditions
for which Chinese medical practitioners have been prescribing it for centuries. Zhizi,as Gardenia jasminoides is called
bitter, cold herb that helps within deficiency. In conventional western medicine, the medicinal plant has been shown
effective in reducing inflammation and exhibits anti-antigenic properties.

In traditional Chinese medicine, the kernel of the Gardenia jasminoides berry is made into a paste and used to treat
redness and swelling for conditions like rheumatoid arthritis. It is considered effective for relieving anxiety and
agitation, so it is frequently prescribed for depression and insomnia. Some aroma therapists prescribe gardenia oil for
anxiety and nervous tension owing to its calming effects. Gardenia jasminoides may also beused to treat physicaland
emotional menopausal symptoms. Traditional Chinese medicine practitioners use it to cool and detoxify the
blood, stop bleeding, and help injuries to heal more quickly. Due to this ability, it is used to treat nosebleeds and other
bleeding conditions, such as blood in the urine. It also lessens inflammation in the body by raising glutathione levels.
In 2006, a study showed that a compound in gardenia is able to inhibit an enzyme in the body that prevents diabetics
from making sufficient insulin. Although more research is needed to back up these results, the study suggests that
Gardenia jasminoides may help diabetics to increase blood insulin levels. Higher insulin levels allow those with
diabetes to regulate blood sugar. (Klein and Hammer, 2006).

Galphimia gracilis is native to eastern Mexico, deciduous lowland forest, acahuales, road sides, often in wet situation
such as streambanks and ditches but widely cultivated throughout the tropicaland sub -tropical regions and has become
naturalized in many areas. It is known as gold shower or shower of gold and available in all parts of Bangladesh. It is
a cultivated attractive ornamental shrub (4m long) in flowering season November to February. It has some medicinal
properties and is used as a source of vitamins .It has been widely misapplied to many other species of Galphimia,
particularly to those with deciduous petals. It is often confused with the partly sympatric Galphimia glauca, which is
easily separated by its persistent petals and smaller fruits (2.5mm long vs. 4.5-5Smm long in Galphimia gracilis.
(Anderson 1995, 2003, 2007) and (Anderson 1978)

The cultivation and practise of rising cut flowers forms a part of horticulture called floriculture which the degradation
in soil nutrients has led to reduce production of cut flowers in Nigeria. A mix of top soil saw dust and coconut coir
should provide a suitable nutrient forraising plants with sufficient water holding capacity, nutrient content and aeration
for plant growth and development. This fact outlines basic recipes for potting media and the research to know the best
and suitable mixtures for planting cut flowers in Nigeria because vast majority of cut flowers are imported from
overseas. Therefore, this study was carried out to evaluate the effect of potting materials or media on the growth and
bloom of Gardenia jasminoides and Galphimia gracilis grown in different potting media using pot culture technique
and also select a best potting medium for the growth and bloom of Gardenia jasminoides and Galphimia gracilis in
pots.
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MATERIALS AND METHOD

Materials

The materials used were Gardenia jasminoides (cuttings), Galphimia gracilis (cuttings), Topsoil, Saw dust, Coconut
coir, Watering can, Notebook, pen, Metre rule, Polythene pots, Veneer Calliper, Hoe and cutlass, Secateurs, Hand
trowel.

Methods

The sawdust was sieved to obtain the finest of the samples of the desired quantity required for the experiment. The
coconut husk was shredded to get the required fine particles (coconut coir) for the experiment and the top soil was
also sieved to remove unwanted lumps and stones fromthe soil sample. The top soil, coconut coir and the sawdust
were measured using the same ratio (at ratio 1 each). Forty polythene pots were filled with top soil, top soil and
sawdust (1:1), top soil and coconut coir (1:1); and top soil, sawdust, and coconut coir (1:1:1). The cuttings of the plant
species was planted in a shady area (little sunlight and rainfall) as required by the plant to survive and watering was
done when needed over 6weeks and weekly readings were taken to get the result for the experiment.

Treatments

The treatments used are as follows: top soil (control); top soil +saw dust (1:1); top soil + coconut coir (1:1); top soil
+ saw dust + coconut coir (1:1:1).

Parameter Assessed
The parameters assessed for the period of 6 weeks were leaf counts, total plant height, stem diameter and number of
bloom.

Method of Data Collection
The initial readings were recorded immediately after procuring the cuttings of Gardenia jasminoides and Galphimia

gracilis on the growth and bloom rate. Original readings were recorded a week after planting the cuttings and was at
weekly basis or interval.

Data Analysis

Data collected was subjected to Analysis Of Variance (ANOVA). The experimental design used is Completely
Randomised Design since the plants were being potted.

The Statistical Modelused is y;; = u + o + &
Where y;; = jth observation in group i

p = grand population mean

a; = effects of group i

&j = random errot, (Samuel et al., 2012)

RESULTS AND DISCUSSION

Table 1 shows that Top soil has the highest mean value in all the parameters assessed of Galphimia gracilis. This is
in line with Klein and Hammer (2006) that categorically stated that Top soil performed appropriately for raising
cuttings and seeds.
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Table 1: The Weekly Grand Mean Result for Parameters Assessedof Galphimia gracilis (cuttings) at the end

of 6 weeks.
Treatments Number of Plant height  Stem diameter Number of
Leaves (cm) (cm) (cm) Bloom (cm)
Top soil (control) 49.66 22.76 0.30 3.11
Top soil + Saw dust 47.46 22.37 0.26 2.51
Top soil + coconut coir 33.77 21.87 0.23 2.77
Top soil + sawdust + coconutcoir  46.83 22.65 0.24 2.80

Table 2 shows that top soil has the highest mean value in the number of leaves and bloom; Top soil + saw dust +
coconut coir has the highest value on plant height while Top soil + coconut coir has the highest value in stemdiameter
on parameters assessed of Gardenia jasminoides. This is supported by Kampf (2000) that supported Top soil as the
best medium ofraising the cuttings.

Table 2: The Weekly Grand Mean Result for Parameters Assessedof Gardenia jasminoides at the end of 6

weeks.
Treatments Number of Plant height Stem diameter Number of
Leaves (cm) (cm) (cm) Bloom (cm)
Top soil (control) 17.08 12.83 0.84 0.66
Top soil + Saw dust 14.14 12.58 0.84 0.49
Top soil + coconut coir 16.13 13.29 0.86 0.40
Top soil + sawdust + coconutcoir  13.94 13.85 0.73 0.29

CONCLUSION AND RECOMMENDATION

Fromthe result obtained, Top soil performed best on both Gardenia jasminoides and Galphimia gracilis (cuttings)in
all parameter assessed. It was concluded that top soilis appropriate for raising both cuttings since it is economical and
readily available. High and healthy production of cut flowering plants is pertinent for production of cut flowers and
landscape designs to meet the demand for the populace.

It was recommended that top soil should be used for raising Gardenia jasminoides and Galphimia gracilis cuttings
in otherto improve the growth, survival and bloom of both plant species.
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Appendix 1: Analysis of variance table for plant height, stem diameter, leaf count and number of blooms of

Galphimia gracilis.

Sum of

Squares df Mean Square F Sig.
Leaf count between groups 779.224 3 259.741 15.664  .000ns
Within groups 265.306 16 16.582
Total 1044.531 19
Plant between groups 2.560 3 853 1.100 378 ns
Height within groups 12.413 16 776
Total 14.973 19
Stem . Between groups 1.611 3 537 922 452 ns
Diameter Within groups 9.313 16 582
Total 10.924 19
Number of  between groups .906 3 302 1.374 287 ns
Bloom within groups 3.518 6 220
Total 4.424 19

Appendix 2: Analysis of variance table for plant height, stem diameter, leaf count and number of blooms of
Gardenia jasminoides.
Sum of Squares  df Mean Square  F Sig.

Leaf between groups 35.268 3 11.756 2.132 136 ns
Count within groups 88.212 16 5.513
Total 123.481 19
Plant between groups 4.872 3 1.624 .690 571 ns
Height within groups 37.662 16 2.354
Total 42.534 19
Stem between groups 056 3 019 1.955 .161 ns
Diameter within groups 153 16 010
Total 210 19
Nb . Between groups 313 3 104 1.256 323 ns
Within groups 1.331 16 083
Total 1.644 19
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Appendix 3: Result of Chemical Analysis of Soil and Coconut Coir Sample Used

Parameters Values (Soil) (Coconut coir)
pH in H2O 5.60

Organic carbon (g/kg) 2.330 9.55
Total Nitrogen (g/kg) 0.241 1.68
Available phosphorus (mg/kg) 2.88 0.015
OM (%) 33.71
Exchange acidity (ml/kg) 0.40

Cacmol/kg 0.78 s 0.07
Mg cmol/kg 0.56 0.8
K cmol/kg 0.25 2.06
Na cmol/kg 022 2.62
Mn mg/kg 81.0 0.007
Fe mg/kg 68.0 0.25
Cu mg/kg 0.80 , 0.002
Zn- mg/kg * 4.28 0.048
Sand (g kg) 75.8

Silt (g kg) 11.4

Clay (g kg). 12.8 :

Source: Agronomy Department, University of Ibadan for soil sample and Bioscience Department Soil Lab. for
Coconut coir (Forestry Research Institute of Nigeria).

Plate 1: Seedlings of Gardenia jasminoides and Galphimia gracilis. At 6" week after planting
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Abstract

Agroforestry ecosystemsincorporate perennial trees into agriculture, such as those typified by smallholder farmer
dominated areasinthe tropics (typically 0.01to 5 ha), and thiscan be a fundamental component ofboth biodiversity
conservation and socio-ecological resilience, also Agroforestry represents the pinnacle ofsustainable development
and abundance of its uses. Tropical forest conversion to pasture, which drives greenhouse gas emissions, soil
degradation, and biodiversity loss, remains a pressing socio-ecological challenge. This problem has spurred
increased interest in the potential of small-scale agroforestry systems to couple sustainable agriculture with
biodiversity conservation, particularlyin rapidly developing areas ofthe tropics. In addition to providing natural
resources (i.e. food, medicine, lumber), agroforestry systems have the potential to maintain higher levels of
biodiversity and greater biomass than lower diversity crop or pasture systems. However, this paper highlights
biodiversity conservation value ofagroforests, the role ofagroforestry to biodiversity conservation such as, habitat
for species, preserve germplasm of sensitive species; reduce the rates of conversion of natural habitat, conserve
biological diversity and provides connectivity between agroforestry and biodiversity.lt also identifiesthe different
agroforestry practices used in biodiversity conservation for sustainable protection of the floras and fauna

resources.

Keywords: Agroforestry, biodiversity conservation, germplasm, habitat

INTRODUCTION

Agroforestry is increasingly being identified as an integrated land use that can directly enhance plant diversity while
reducing habitat loss and fragmentation Together; crop-and pasture-lands comprise one of the largest biomes on earth,
representing 40% of global terrestrial area (Foley et al. 2005). While agricultural innovations have greatly increased
food production, they have also caused extensive environmental degradation; nearly half of global croplands are
impacted by soil erosion, declines in soil fertility, reduced biodiversity, and other socio-ecological concerns. (Wright
et al. 2012). In the tropics, deforestation for agricultural expansion accounts for 8% of anthropogenic carbon dioxide
(CO2) emissions—nearly all global land-use change emissions—and is the primary cause of species extinctions
worldwide (Gullison, 2007). Coupling sustainable agriculture to biodiversity conservation through small, diversified
farms, such as those typified by traditional tropical agroforestry ecosystems, may be a viable complementary land use
strategy in rapidly developing areas of the tropics .(Nair et,al 2009) Despite the potential socio-ecological benefits of
agroforestry systems and the possibility for themto support conservation efforts in ecologically fragile areas of high
biodiversity, tropical conservation policy remains dominated by efforts to reduce intact forest conversion and promote
natural reforestation in lieu of supporting more socio-ecologically integrative practices (Lamb, 2005). Increasing our
understanding of the ecosystem service benefits of traditional agroecosystems could help encourage policy that
supports a broader range of conservation objectives (Norris, 2008).
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Agroforestry ecosystems that incorporate perennialtrees into agriculture, such as those typified by smallholder farmer -
dominated areas in the tropics (typically 0.01 to 5 ha), can be a fundamental component of both biodiversity
conservation and socio-ecological resilience (Nair et al. 2009). In addition to providing natural resources (i.e. food,
medicine, and building materials), agroforestry ecosystems have the potential to maintain higher levels of biodiversity
and greater biomass than conventional agriculture. Relative to monoculture or pasture techniques, agroforestry
ecosystems may also enhance soil quality, including C content and nutrient status, by increasing litter inputs and soil
organic matter accumulation (Kirby and Potvin, 2007). In many tropical systems, agricultural productivity is
constrained by low nutrient availability due to highly leached acidic soils. This problem is amplified because many
subsistence farmers in these areas often cannot access mineral fertilizer (Glaser et al., 2002)

Positive relationships between plant diversity and ecosystem functions such as C sequestration which can be driven
by either niche complementarily or the greater likelihood of including functionally important species in more diverse
assemblages have been identified in anumber of model ecosystems (Lambers et al., 2004) although these relationships
are complex and positive species/functional diversity relationships are not always observed (Cadotte et al., 2011).
Both plant community functional diversity and phylogenetic diversity, rather than simply the number of taxonomic
units (e.g. species or functional group richness), appear to underlie observed biodiversity —ecosystem-service

relationships (Flynn et al., 2011) However, the nature of these relationships remains equivocal in human-managed
systems, such as smallholder agroecosystems typical in developing areas of the tropics (Guo and Gifford, 2002)

Synopsis in Agroforestry

Agroforestry is a concept of integrated land use that combines elements of agriculture and forestry in a sustainable
production system. An emphasis on managing rather than reducing complexity promotes a functionally biodiversity
systemthat balances productivity with environmental protection. Agroforestry systems are classified according to the
components present. Trees with crops are referred to as silvoarable, trees and animals as silvopastoral, and trees with
crops and animals as agro —silvopastoral.

In the UK, traditional agroforestry systems include wood pastures such as the New Forest, browsing of acorns and
beech mast (pannage), parklands, orchard grazing and hedgerows. Modern systems include silvoarable and
silvopastoral systems, and woodland chicken and egg production. There are both ecologicaland economic interactions
between the trees and crops and livestock. Total productivity of agroforestry systems is usually higher than in
monoculture systems due to complementarily in resource capture i.e. trees acquire resources that the crops alone would
not. Agroforestry systems support the production of a wide range of products including food, fuel, fodder and forage,
fibre, timber, gums and resins, thatching and hedging materials, gardening materials, medicinal products, craft
products, recreation, and ecological services

The Future of Agroforestry

This synopsis highlights the multiple benefits of integrating trees and agriculture and demonstrates the potential of
agroforestry to reconcile the need for increased productivity with protection of the environment and delivery of
ecosystem services including soil, water and air quality regulation, biodiversity support and cultural services.
However, there are three key areas of activity essential for promoting agroforestry into the mainstream are research,
dissemination of information and policy.

Scientific research on agroforestry systems started in the late 1970’s, and focused on tropical systems; studies on
temperate systems only starting to appear in the literature from the early 1990’s ( Young, 1997) .The long time scale
needed for such research is a limiting factor, with very few examples yet available of complete cycles of the systems
through to tree harvest. Research needs range from studies at the fine-scale (species interactions), the farm scale
(economic as well as environmental benefits) right up to the landscape scale (e.g. watershed impacts on nitrate
leaching, biodiversity enhancement), national scale (e.g. home grown timber and fuel to reduce imports and increase
renewable energy production) and global-scale (climate change mitigation and adaptation).

Another primary barrier to wider adoption of agroforestry is limited awareness among farmers and landowners of
agroforestry practices (Graves et al., 2008). For agroforestry to be adopted on a wider scale, economic viability and
practical management skills need to be demonstrated to farmers and landowners. This relies crucially on effective
information dissemination and therefore outreach support and extension projects are essential (Current, 2009)
Supportive policies are seen as instrumental in providing incentives and removing constraints to wider adoption of
agroforestry (Current, 2009). Agroforestry systems often fail to qualify for subsidies under either agricultural or
forestry policies, although there have been a number of recent developments in policy reforms (e.g in France) that
adopted options for payments to establish newagroforestry systems. Raising awareness of the potential of agroforestry
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among policy makers is essential for promoting agroforestry as a mainstream land-use system. In temperate systems,
the general belief seems to be that the high cost of manual labour in /Europe necessitates a greater reliance on
agrochemical input and intensive management, particularly in the industrialized northern countries. Many temperate
agroforestry systems are only one step up fromconventional, intensive monocultures; while these systems benefit in
a number of ways from integrating trees with crops or livestock, the full potential of agroforestry as a low-input,
biodiverse approach to sustainable production and ecosystemservice delivery is yet to be realized.

Biodiversity conservation value of Agroforests is context dependent

The biodiversity of agroforestry systems, and of agroecosystems in general, consists of planned and unplanned
components. By their very nature, agro-forestry systems contain more planned diversity (i.e., more planted and
selected plant species) than the corresponding monoculture crops, although not necessarily more than some traditional
mixed cropping systems (Thurston et al., 1999). Certain agroforestry systems such as tropical homegardens, which
may contain several dozen species and varieties of trees and crops, are seen as important reservoirs of tropical tree
and crop germplasm (Torquebiau, 1992). However, not all agroforestry systems have much planned diversity; for
example, certain shaded coffee plantations essentially consist of one crop and a single, sometimes exotic shade tree
species, and live fences typically consist of only a handful of tree species.

Of similar or greater importance for the conservation value of agroforestry systems than their planned diversity is their
unplanned diversity, that is, the plants and animals that colonize or use the structure and habitat formed by the planted
species. Structurally heterogeneous perennial vegetation can provide more niches for native flora and fauna than
structurally simpler mono-cultures and pastures (Thiollay, 1995). A humus-rich soil that is not regularly disturbed by
tillage and the permanent litter layer that usually develops under agroforestry may also provide appropriate habitat.
For a diverse soil fauna and micro florathat may not be present in simpler and regularly disturbed agricultural systems,
although little is known about such below ground biodiversity benefits of complex land use systems (Lavelle et al.,
2003).

The role of agroforestry systems as refugia for forest-dependent species is most relevant in landscapes that is largely
devoid of natural vegetation. In such deforested and often densely populated landscapes, agroforestry systems may
maintain more species of plants, animals, and microorganisms from the original ecosystems than corresponding
agricultural monocultures and pastures and therefore could be a better compromise between production goals and
biodiversity conservation (Thiollay, 1995). It should be stressed that one cannot evaluate this role for an agroforestry
system by simply counting the species present because these will invariably include species that are adapted to
disturbed conditions and may not need special protection. Instead, it is necessary to determine whether forest-
dependent and threatened species use the agroforestry areas, the degree to which they depend on these areas for habitat
or food, and whether their populations are viable over the long term.

AGROFORESTRY PRACTICES IN BIODIVERSITY CONSERVATION

Agroforestry can be separated into three sub-system classifications - agrisilviculture, silvopastoral and
agrosilvopastoral (Weiwei, 2014).

« Agrisilviculture combines annual and perennial crops with woody perennials (trees, shrubs, vines),

« Silvopastoral combines trees with pastures and animals, and

« Agrosilvopastoral combines crops, pastures, animal and trees

Silvopasture is a system in which forests are managed for timber production along with domesticated animals being
raised on the same plot of land (King, 1979). This system utilizes several agronomic principles such as fertilization,
native pasture grasses, and rotational grazing systems with short grazing periods that maximize plant growth and
harvest while avoiding damage to the tree crop. Silvopasture is a highly intensive agroforestry method that requires
grazing and timber management that can involve tree pruning, grazing, haying, fertilization and more. There are
several benefits of silvopasture, which have led to its increased use. It can also create high value timber products
(resulting from pruning and tree management) that lead to higher diversification of income for farmers and increased
income opportunities. While considerable scientific research depicting beneficial animal/tree interactions has been
conducted, the issue of soil compaction and animal/soil interactions in silvopastures has not been scientifically
evaluated to a great extent (Sharrow, 2007).

Alley Cropping

Alley cropping is an agro forestry practice where in rows of trees or shrubs are planted at a spacing that provides an
“alley” where perennial or annual agricultural crops are then grown. Agricultural crops within an alley cropping
systemare often referred to as intercrops. In this system, special care must be taken to ensure that crops and trees are
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compatible with one another as well as local climatic and geologic conditions. Alley cropping requires careful
maintenance and pruning to limit the lateral spread of tree branches and to ensure that trees will provide the desired
level of shade. The typical intercrops for this agro forestry systemare row crops (corn, wheat, barley), forage crops
(bluegrass, clover, alfalfa), specialty crops (dogwood, Christmas trees) and biomass crops (willows, birches) (Hodge,
1999). According to the USDA, alley cropping can be used for short-rotation woody crops or fast-growing woody
plants that are then combined with forage to produce fuel wood and fodder. Alley cropping improves crop health
through the creation of tree canopies that protect against wind damage and pests and also aid in pollination activities.
It also improves soil health in areas prone to erosion, adds carbon to improve soil health, and enhances nutrient
recycling. As with most other agro forestry techniques, alley cropping diversifies income for landowners who are able
to harvest trees and other crops at different times throughout the year (Wotjkowski, 2006)

ROLE OF AGROFORESTRY IN BIODIVERSITY CONSERVATION

Generally, agroforestry systems are closer to the natural forest systems (Schroth and McNeely 2011). Agroforestry
helps in conservation of ecosystem through improving soil and microclimate properties, reduced erosion, imp roved
water quality and carbon sequestration (Schroth and Sinclair 2003; Schroth et al. 2004; Nair et al. 2009; Sarvade
2014).

Farmers practice agroforestry for gaining livelihood, income generation, risk management, food security and optimal
use of available land, labour and capital (Arnold and Dewees, 1997). It is estimated that about 1.2 billion people (20%)
of the world population depends directly on agroforestry products and services in developing countries which can
provide goods and services, that can offset 5-20 per cent of deforestation (Leakey and Sanchez 1997; Dixon 1995).
Agroforestry represents the pinnacle of sustainable development and plethora of its uses has made it closer to the
people. Many effective conservation organizations are now including agroforestry as a component in their
programmes. In general, agroforestry plays five major roles in conserving biodiversity: (1)It provides habitat for
species that cantolerate a certain level of disturbance; (2)It helps to preserve germplasm of sensitive species; (3) helps
to reduce the rates ofconversion ofnatural habitat by providing a more productive, sustainable alternative to traditional
agricultural systems that may involve clearing natural habitats; (4) provides connectivity by creating corridors between
habitat remnants which may support the integrity of these remnants and the conservation of area-sensitive floral and
faunal species; and (5) helps conserve biological diversity by providing other ecosystem services such as erosion
control and water recharge, thereby preventing the degradation and loss of surrounding habitat (Jose 2009).

Agroforestry systems are considered as diversity enhancing land use systemespecially in the context of inter-species
diversity as it brings togethercrops, shrubs, trees and in some cases livestock on the same piece of land (Atta-Krah et
al., 2004). A welldesigned agroforest can spontaneously attractand support higher biodiversity. Agroforestry provide
expanded habitat for a wide range of species, from soil micro life to insects to mammals and have diversified and
intensified agro-ecosystems to maintain and enhance biodiversity (Sanchez and Leakey 1997; Sanchez et al., 1997).
Agroforestry systems have potential to support as high as50-80 per cent of biodiversity of comparable naturalsystem
(Noble and Dirzo 1997).

Agroforestry conserve biodiversity within deforested, fragmented landscapes by providing habitats and resources for
plant and animal species. It makes the landscape less harsh for forest dwelling species by reducing the frequency and
intensity of fires and providing buffer zones to the protected areas (Pandey, 2002). Harvey and Gonzalez Villalobos
(2007) characterized bat and bird assemblages occurring in forests in two types of agroforestry sy stems (cacao and
banana) and plantain monocultures in the indigenous reserves of Talamanca, CostaRica. Agroforestry systems had bat
assemblages that were as (or more) species-rich, abundant, and diverse as forests, contained the same basic suite of
dominant species, but also contained more nectarivorous bats than forests. Agroforestry systems also harbored bird
assemblages that were as abundant, species-rich, and diverse as forests. Kumar and Nair (2004) reported species
richness of tropical home gardens varying from27 (Sri Lanka) to 602 (West Java). In an extensive survey of floristic
and structural diversity of 402 home gardens from six regions across south-western Bangladesh, Kabir and Webb
(2009) reported 419 species (59%native), including six species of conservation concern. Das and Das, 2005have
reported 122 species in home gardens of Barak valley of Assam, India. Similarly, 68 species were found in home
gardens of Karnataka (Shastrin et al., 2002) and 127 species in Kerala (Kumar et al., 1994). 74species of different
plants had been reported in the home gardens of North Bengal in addition to poultry, various milch and meat animals
which are linked socially and economically to the owner (Panwar and Chakravarty 2010).

In addition to biodiversity conservation, agroforestry provide food security and enhances farm income through
enhancement in the yield of products and services from biodiversity rich agro-ecosystems. In Indonesia 4 million of
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agroforests not only yield rubber of US $ 1.9 billion but also contain 250-300 spp. of plant (Leakey 1998; Mc Neely
and Scherr, 2001). In San Jose - the Milpa, three types of traditional agroforestry systems viz.,, slash-and-burn
agriculture, cacao cultivation under shade trees and home gardens were found to meet the entire family requirements
of food and wood and generated 62 per cent of family income in Maya community of Belize (Levasseur and Olivier,
2000). Deb et al., (2014) recorded 44 woody and 49 herbaceous species in the traditional agroforestry system of
Tripura, North East India and these documented plants meets community day to day needs of food, timber as well as
ethno-medicinal purposes.

In addition to plant diversity, agroforestry systems also play an important role in increasing microbial, avian and faunal
diversities. The greater diversity of birds and insect in agroforestry systems provide the beneficial service of pest
reduction to adjacent crops (Gillespie et al., 1995; Schultz et al., 2000). Trees grown with crops improve the insect
pest management options by providing habitat that can foster populations of natural enemies. CAST (1999) estimated
natural enemy populations that live in natural and semi natural areas adjacent to farmlands can control more than 90
per cent of potential crop insect pests. Bugg et al. (1991) observed that cover crops (e.g. annual legumes and grasses)
sustained lady beetles (Coleoptera: Coc-cinellidae) and other arthropods that are useful in the biological control of
pests in pecan. Price and Gordon (1999) reported that earthworm densities were greatest next to poplar and white ash
tree-rows, due to greater litter contributions. Although the population decreased during the summer period, but was
still significantly greater than those from a comparable conventionally maize cropped field. Trees in agroforestry
systems support cavity nesting birds, and offer forage and habitat to many species of birds (Pandey1991; Pandey and
Mohan 1993). The number of bird species like Streptopelia chinensis, Psittacula krameri, Eudynamys scolopaceus,
Micropternus brachyurus, Dinopium benghalense, Oriolus xanthornus, Dicrurus macrocercus, Acridotheres tristis,
Corvus splendens, Turdus cafer, Orthotomus sutorius, Copsychus saularis, Nectarinia zeylonica, Anthus campestris,
Passer domesticus, and Ploceus philippinus attracted to collect their food fromfruit tress like Aegle marmelos, Annona
squamosa, Areca catechu, Averrhoa carambola, Carica papaya, Carissa carandas, Cocos nucifera, Dilleniaindica,
Elaeocarpus floribundus, Mangifera indica, Phyllanthus acidus, Phyllanthus emblica, Psidium guajava, Spondia
spinnata, Syzygium cumini, Tamarindus indica and Zizyphus mauritiana fromhomestead gardens(Roy et al., 2013).

CONCLUSION

The overall conclusion that emerges fromthis review is that agroforestry generally produces biodiversity benefits that
are intermediate between monocrop agriculture and primary forests. The overall contribution of agroforestry to
biodiversity conservation depends on the type of land use that it replaces and on the attributes of the specific
agroforestry system. The effectiveness of agroforestry in biodiversity conservation depends on the design of the
systemand the nature ofthe biodiversity to be conserved. Agroforestry is not astand-alone approach to conservation.
Rather, it needs to be seen as an element of conservation strategies, which also include policy and institutional changes,
and spatial configurations that emphasize maintenance of habitats.
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Abstract
This study assessed the present status, such as trees species diversity, abundance and volumes, of some selected

natural forest in Ondo State, Nigeria. The forest selected were Igho Olodunmare located at Okeigbo, Idanre forest
reserve and Idanre hill both in Idanre. Eight plots of 25 by 25m were laid in each forest reserve where there were
forest patches. All living trees with diameter at breast height (dbh) > 10cm were identified and their total height,
diameter at breast height, diameter at the base, middle and top were measured in each plot. These variables were
used to compute the basal area, volume, relative frequency and relative density. Shannon-Weiner and species evenness
indiceswere also used to assess and compare tree speciesdiversity and abundance ofeach forest. The results obtained
from this study showed that a total of 207 stem ha*in 30 tree species from 15 families were encountered in Igbo
Olodunmare, 148 stem ha* which span through 61 tree species from 25 families were encountered in Idanre forest
reserve and 151 stem ha™ in 44 tree species from 19 families were encountered in Idanre hill. In Igbo Olodunmare,
Hidegardia barteri had the highest number of stemper hectare (141 stem hat). The diameter at breast height (DBH)
distribution curve of tree species in the selected forests followed inverse J-shaped pattern. Although there was no
continuous forest in the study areas, the species diversity and abundances obtained in the study areas compared
favorably with the ones obtained in similar ecosystemexcept for Igho Olodunmare that was dominated by Hildegardia
barteri. Information provided in this study could be used by the government to avert further deforestation and forest
degradation in the study areas

Keywords: Contemporary status, Natural forest, sacred grove and Tree diversity

INTRODUCTION

The total land area of the country excluding area under inland water bodies (13,000 km?) remained stable at around
910,770 kn?. Initially, 39 percent, which is about 355,200km?, of Nigeria’s land area was covered with the tropical
rainforest (NEST, 1991). This forest area fell gradually from 143,661 km? in 1997 to 65,834 kn? in 2016. As at 2006,
the Federal Government of Nigeria, through its body responsible for the management of forest resources, puts
deforestation rate per annumto be 3.5% (Oyebo, 2006). By implication, Nigeria lost an average of 12,432km? of forest
cover every year. Therefore, it could be deduced that between 2016 and 2019, a total of about 49,728 km? of Nigeria
forest was lost, while today Nigeria is left with about 8% (28,538km?2) forest cover. Deforestation is the process of
clearing, removal of forest trees where the land is converted to other types of activities for non-forest use, like
conversion of forest reserves areas to residential or industrial areas, removing of forest trees as a result of road or rail
construction, conversion for agricultural purposes and cutting down of forest trees for domestics and industrial use
like fire-woods, timbers, paper production and charcoal production (Emeodilichi, 2018). Considering the rate at which
forests cleared and trees are cut down without regeneration efforts, Nigeria may likely lose all its valuable trees if the
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current unsustainable harvesting remains unchecked. A large proportion of Nigerians are living in the rural areas and
they depend majorly on fuel-wood to meet their daily domestic energy requirements and other needs. Subsequently,
forests are cut down to support human survival. This has wide range implications on environmental protection as well
as the sustainable management of forest resources. Therefore, over-exploitation and encroachment are therefore great
threats to the survival of an important tree species and the sustainable supply of products that previously come from
it. Forest reserves are established to protect, as much of the original forests, as possible. However, these reserves are
poorly monitored and there is a great threat to the survival of the present patches of forest in them. Forest reserves
should be monitored and managed to ensure preservation for future generations. Information on the nature, extentand
limitations of the various natural resources is pre-requisite for achieving this. Presently, there is little or no effort to
address the threats to the survival of forest reserves. Part of the problem is that decision-makers do not have access to
necessary information on the resources. Therefore, this project is designed to assess the volumes and tree species
diversity and abundances of the selected Natural forest in Ondo State, Nigeria.

METHODOLOGY

Study Sites

Idanre forest reserve is located in Idanre local government, Ondo State. It is 148mabove sea level and covers about
561km?. It falls on latitude 6°51°27.72” and longitude 5°6°19.84°". The Annual mean rainfall is between 1400 —2000
mm. The wet season spreads over eight months, from April to November while the dry season spreads over the
remaining four months, from December to March. The temperature is fairly moderate and ranges between 21°C and
30°C depending on the time of the year. The Idanre Hill is located in Idanre town in Idanre local government, Ondo
State. Idanre hill is one of the most beautiful natural landscapes in Nigeria. It includes such cultural sites as "Owa's
Palace, Shrines, Old Court, Belfry, Agbooogun footprint, thunder water (Omi Apaara) and burial mounds and
grounds". It is about 900m above sea level and houses a unique ecosystem upon which the cultural landscape has
integrated. Idanre Hills is located on a Precambrian igneous batholith that is about 500 Million years old, and is cut
by several large fracture that form deep valleys within the rocks. Igbo Olodunmare is located at Oke-lgbo in Oke-
Igbo/lle-Oluji local government, Ondo State. The forest is on a landmass of about 698 kn?. The forest is believed to
be a place for deities, demons, monsters, spirits, kobolds, Gnomes, Ghosts, Ghommids, Trolls and gods who
sometimes performed magic of appearing and disappearing (Aumeeruddy and Bakels, 1992).

Methods of Data Collection

Owing to the nature of these forests, eight plots of 25m x25mwere laid where there were forest patches in each study
site. In each sample plot, all trees with Diameter at Breast Height (DBH) > 10 cm were tagged and identified. Their
diameters at the base, middle, top and the total height were measured. Where a tree’s botanical name was not known,
the tree was identified with its local or trade name. Parts (such as leaves, backs and fruits) of trees that cannot be
identified were collected and taken to the herbarium for identification.

Method of Data Analysis
Basal Area Estimation

Where BA = Basal area (m?), D = Diameter at breast height (cm) and = = Pie (3.142).
Volume Estimation

The volume of individual trees was estimated using the Newton formula V zﬂ(Db2 -i-4Dm2 + th)

..................................................................... )
Where: V = Volume of tree (m?), Dy = Diameter at the base (cm), Dm = Diameter at the middle (cm), D¢ = Diameter

at the top (cm), H = height (m)

Biodiversity Indices and Tree Species Classification

All trees were assigned to families and the number of species in each family was obtained for tree species diversity
classification. Frequency of occurrence was obtained for species abundance/richness. This was repeated for all the
trees encountered in all the forests used in this study. The following biodiversity indices were used to compare tree
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species richness and evenness in each forest reserve. It was also be used as indices for comparing biodiversity among
the selected forests.

(i) Species relative density was computed as

Where: RD (%) = species relative density;
ni = number of individuals of species i;
N = total number of all tree species in the entire community
(i) Species relative dominance (RDo (%) was computed using the equation:

Ba. x100
RD, = ZZ—IB:\ ................................................................................ )

Where: Ba; = Basal area of individual tree belonging to species i and

Ban = Stand basal area
(iif) The Shannon’s maximum diversity index was determined using the Shannon—Wiener diversity index equation
(Kent & Coker, 1992), was employed to calculate the tree species diversity in the ecosystems because it takes into
account the richness and abundance of each species in different ecosystems (Prince 1997)

S
H = PiIN(P;) oo )
i=1

Where H” = Shannon diversity index,
S = the total number of species in the community,
pi = proportion S (species in the family) made up of the ith species and
In = natural logarithm.
(iv) Species evenness (E) in each community Shannon's equitability equation was used (Kent and Coker 1992).

S
y 2RIk
E, = = e e, ()
H o In(S)
(v) Importance Value Index (IVI): The Importance Value Index for each species was obtained by summing up the
RD and RDo divided by 2 (RD x RDo/2) (Brashears et al., 2004; Yang et al. 2008). This was used to express the
share of each species in the tree community

(vi) Family Importance Value (FIV): This was used to understand a family’s share in the tree community. This is
the sumof the relative dominance (RDm), relative density (RD) and relative frequency (RF).
RDm= (Total Basal area for a family + Total Basal area of all families) X 100

RD=  (Number of individual a of family + Total number of all individual) X 100
RF = (Frequency a of family + Sum frequencies all of s families) X 100

Therefore, the FIV ~was be calculated as: RDmt+ RD+ RF.....ccccoiviiviiiiiciiciiciineenee. (7)
Number 1 of Hill diversity index

N1 = EXP(-ZPIINPI)).ceeeeeieei e (8)

Where: pi: is the proportional abundance of ith species,

ni: number of individuals of ith species,

N: total number of individuals

Number 2 of Hill diversity index

N2: Reciprocal of Simpson’s dominance Index;

N2 = 1/ DU et e e e (10)
(vii) Shannon max diversity index was determined using

Where S =the total number of species in the community
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(viii) Sorensen’s species similarity index between all sites was calculated using the equation

2C
S o o X L0 e e e e e e (12)
a+b+c
C is the total number of species in three communities (i.e. aggregate of all species encountered in the entire study
area); while a, b, & c are the number of species in Forest reserve 1, 2 & 3 respectively.

RESULTS

Tree species diversity and abundance

The tree species diversity and abundances obtained in this study are presented in table 1, 2 and 3. The study revealed
that 1012 stemhal was encountered in all the study sites. A total of 414 stem ha-in 30 tree species from 15 families
were encountered in Igho Olodunmare, 296 stem hal which span through 61 tree species from 25 families were
encountered in lIdanre forest reserve and 302 stem ha-l in 44 tree species from 19 families were encountered in Idanre
hill. In Igbo Olodunmare, Hidegardia barteri had the highest number of stem per hectare (282 stem ha1). This was
followed by Sterculia rhinopetala (26 stemha-1) and Spondias pinnata (12 stemha1). Idanre forest reserve had Celtis
mildbreadii as the most abundance tree species (32 stemha-1). This was closely followed by Celtis zenkiri (18 stem
ha1) and Drypetes polyantha (16 stemha-1). Casia siemen was recorded as the most abundance tree species in Idanre
hill with (38 stemha1).This was followed by cola gigantean and Albizia zygia with (28 stemha) and (22 stem hal)
respectively. In this study, about 39% of all the species were represented by single individual hal. Only two tree
species (Diospyrous monbuttensis and Ficus mucoso) were common to all the study area. The results for Family
Importance Value (FIV) for the selected forests are presented in Table 4 - 5and 6. The results revealed that 32 different
families were encountered in the three forest ecosystem, 15 families from Igho-Oledumare, 25 families from Idanre
Forest Reserve and 19 families from Idanre Hill natural forest. The Family Malvaceae had the highest Family
Importance Value (218.61%) in Igbo-Olodumare. The family Fabaceae (94.02 %) and Ulmaceae (78.91%) had the
highest FIV in Idanre Hill and Idanre forest reserves respectively.

Biodiversity indices

The summary of the various biodiversity indices for the purpose of assessing the abundance, level of diversity and
evenness of all the tree species encountered is presented in Table 7. Idanre forest reserve had the highest Shannon-
Weiner index (3.76). This is an indication that it has the highest species richness when compared to the other two
locations. This was closely followed by Idanre hill natural forest (3.33) and the lowest Shannon-Weiner index was
recorded for the Igbo Olodunmare (1.58). Idanre forest reserve had the highest species evenness (0.91) according to
Pielous, followed by Idanre hill (0.88) and Igbo Olodunmare (0.46). A high N1 (57.39) and N2 (29.52) of hill diversity
were recorded for Idanre forest reserve, followed by Idanre hill (40.83 and 19.73) and Igbo Olodunmare (28.49 and
2.13).
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Table 1: Tree Species, Abundance/ha, Diwersity Indices and Tree Growth Variables of the Idanre Forest Reser\e.

S/N Species Name N/Ha MDBH MHt MBA MVol. PiLnpi RD
(cm) (m) (m"2) (m"3)
1 Allanblackia floribunda 2 88 16.5 0.61 3.32 -0.03 0.68
2 Antrocaryon micrasta 2 37.46 25.6 0.11 1.24 -0.03 0.68
3 Baphia nitida 4 12.65 8.25 0.01 0.14 -0.06 1.35
4 Berlinia grandiflora 6 13.67 10.8 0.01 0.12 -0.08 2.03
5 Brachystegia eurycoma 12 43.54 21.32 0.18 2.59 -0.13 4.05
6 Brachystegia nigerica 2 75 18.6 0.44 2.66 -0.03 0.68
7 Celtis mildbreadii 32 50.53 194 0.27 1.62 -0.24 10.81
8 Celtis philippensis 4 36.54 18.05 0.11 121 -0.06 1.35
9 Celtis zenkeri 18 3371 13.93 0.17 0.78 -0.17 6.08
10 Cleistopholis patens 4 122.8 32.05 121 16.36 -0.06 135
11 Cola acuminate 2 13.43 10.5 0.01 0.1 -0.03 0.68
12 Cola gigantean 10 87.99 22.6 0.68 5.87 -0.11 3.38
13 Cordia millenii 6 91.2 13.17 11 2.79 -0.08 2.03
14 Coula edulis 4 36.07 18.5 011 1.07 -0.06 1.35
15 Desplatsia subericarpa 10 30.29 17.28 0.1 0.97 -0.11 3.38
16 Diospyros biondii 4 52.37 12.65 0.3 0.93 -0.06 1.35
17 Diospyros dendo 4 22.22 10 0.04 0.27 -0.06 1.35
18 Diospyros mespiliformis 2 13.97 16.2 0.02 0.12 -0.03 0.68
19 Diospyros monbuttensis 4 17.81 15 0.03 0.22 -0.06 1.35
20 Diospyros spp 2 74 155 0.43 1.28 -0.03 0.68
21 Diospyros suaveolens 2 80 131 0.5 2.26 -0.03 0.68
22 Diospyros zenkeri 4 1321 119 0.01 0.14 -0.06 1.35
23 Draceana spp 2 137 235 1.47 8.3 -0.03 0.68
24 Drypetes afzelii 2 11.97 85 0.01 0.06 -0.03 0.68
25 Drypetes polyantha 16 33.8 16.01 0.09 0.78 -0.16 5.41
26 Enantia chloranta 2 23.59 4 0.04 0.11 -0.03 0.68
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59
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Trichilia welwitschii

Trilepisium madagascariense
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Vitex doniana
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31.17
36.83
47.74
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215

16.32

0.08
011
0.18
0.37
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-0.03
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1.35
0.68
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3.38

MDBH-Mean diameter at breast height, MHT-Mean height, MBA-Mean Basal area, RF-Relative frequency

Table 2: Tree Species, Abundance/ha, Diwersity Indices and Tree Growth Variables of Igbo Olodunmare.
MDBH-Mean diameter at breast height, MHT-Mean height, MBA-Mean Basal area, RF-Relative frequency

S/N Species N/ha Mean Dbh (cm) Mean Ht (m) Mean BA (m2) Mean Vol. (m3)  piLnpi RD
1 Amphimas pterocarpoides 2 31.50 21.80 0.08 0.82 -0.03 0.48
2 Anthonotha macrophylla 2 11.00 7.70 0.01 0.04 -0.03 0.48
3 Blighia sapida 2 13.20 10.00 0.01 0.07 -0.03 0.48
4 Brachystegia nigerica 2 45.50 16.80 0.16 1.37 -0.03 0.48
5 Ceiba pentandra 2 3120 14.90 0.08 0.62 -0.03 0.48
6 Celtis mildbreadii 2 33.50 16.80 0.09 0.96 -0.03 0.48
7 Celtis philippensis 2 11.50 11.30 0.01 0.07 -0.03 0.48
8 Celtis zenkeri 4 22.85 13.75 0.05 0.50 -0.04 0.97
9 Cola millenii 6 28.67 13.37 0.07 0.49 -0.06 1.45
10  Cordia mellenii 2 46.50 2240 0.17 2.17 -0.03 0.48
11  Diospyros monbuttensis 2 12.20 11.40 0.01 0.10 -0.03 0.48
12 Drypetes spp 4 22.50 14.15 0.05 0.46 -0.04 0.97
13 Ficus exasperate 2 21.50 14.60 0.04 0.27 -0.03 0.48
14 Ficus sycomona 2 117.00 25.80 1.08 12.22 -0.03 0.48
15  Funtumia elastic 8 15.45 12.88 0.02 0.17 -0.08 193
16  Hildegardia barteri 282 34.47 13.10 0.11 0.71 -0.26 68.12
17 Khaya grandifoliola 6 3123 15.20 0.12 125 -0.06 145
18 Leucaniodiscus cupanioides 2 25.00 14.40 0.05 0.35 -0.03 0.48
19  Mansonia altissima 6 35.53 17.20 011 0.77 -0.06 1.45
20  Millettia thonningii 2 10.20 7.20 0.01 0.02 -0.03 0.48
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21 Nesogordomia 4 12.75 10.20 0.01 0.07 -0.04 0.97
22 papaverifera

23 Pterigota macrocarpa 2 14.00 13.40 0.02 0.15 -0.03 0.48
24 Ricinodendrum heudelotii 8 57.45 20.33 0.29 2.08 -0.08 1.93
25  Rothmannia whitfieldii 2 16.00 13.80 0.02 0.15 -0.03 0.48
26  Spathodea campanulata 8 13.83 13.55 0.02 0.17 -0.08 1.93
27 Spondias mombin 12 29.60 12.62 0.08 0.48 -0.10 2.90
28  Spondias pinnata 6 38.43 15.17 0.12 0.85 -0.06 145
29  Sterculia oblonga 26 16.55 10.60 0.02 0.15 -0.17 6.28
30  Sterculiatrigancantha 2 28.50 17.40 0.06 0.54 -0.03 0.48
31  Voacanga Africana 2 12.50 9.60 0.01 0.09 -0.03 0.48

Table 3: Tree Species Abundance/ha, Diwersity Indices and Tree Growth Variables of Idanre Hill Natural Forest.
MDBH-Mean diameter at breast height, MHT-Mean height, MBA-Mean Basal area, RF-Relative Density

S/N  Species name N/Ha MDbh MHt(m) MBA MVol. pilnpi RD
(cm) (m2) (m3)
1 Adansonia digitata 2 88.00 14.70 0.61 4.62 -0.03 0.66
2 Albizia ferruginea 12 24.77 13.75 0.05 0.47 -0.13 3.97
3 Albizia lebbeck 8 29.25 13.83 0.08 0.50 -0.10 2.65
4 Albizia zygia 22 20.83 12.88 0.04 041 -0.19 7.28
5 Alsonia boonei 2 127.50 24.90 1.28 12.55 -0.03 0.66
6 Amphimas pterocarpoides 4 24.60 12.85 0.06 0.51 -0.06 1.32
7 Anthocleista vogelii 4 29.60 13.45 0.07 0.55 -0.06 1.32
8 Antiaris Africana 8 21.28 12.73 0.04 041 -0.10 2.65
9 Baphia nitida 2 10.00 4.50 0.01 0.02 -0.03 0.66
10 Blighia sapida 4 27.85 15.30 0.06 0.61 -0.06 132
11 Brachystagia eurycoma 2 7150 23.60 0.40 6.22 -0.03 0.66
12 Bridelia micrantha 2 36.20 14.10 0.10 0.77 -0.03 0.66
13 Casia siemen 38 27.85 14.74 0.07 0.87 -0.26 12.58
14 Chrysophylum albidum 4 50.85 17.15 0.21 147 -0.06 1.32
15 Cola gigantean 28 42.41 18.39 0.17 1.73 -0.22 9.27
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Table 4: Families’ Importance Index for Igho Olodunmare.

S/IN  Family Count Dbh(cm) M Ht(m) M BA M Vol. RF% RD% RD0% FIvV
(m"2) (m3)
1  Anacardiaceae 9 32.54 13.47 0.09 0.60 4.35 4.35 3.89 12.59
2 Apocynaceae 5 14.86 12.22 0.02 0.15 242 2.42 0.45 5.28
3  Bignoniaceae 4 13.83 13.55 0.02 0.17 1.93 1.93 0.28 4.15
4 Boraginaceae 1 46.50 22.40 0.17 2.17 0.48 0.48 0.79 1.76
5  Caesalpinioideae 1 11.00 7.70 0.01 0.04 0.48 0.48 0.04 1.01
6  Ebenaceae 1 12.20 11.40 0.01 0.09 0.48 0.48 0.05 1.02
7  Euphorbiaceae 6 45.80 18.27 0.21 154 2.90 2.90 5.88 11.68
8 Fabaceae 3 29.07 15.27 0.08 0.73 1.45 1.45 1.16 4.06
9  Malvaceae 147 34.17 13.15 0.11 0.70 71.01 71.01 76.58 218.61
10 Meliaceae 3 31.23 15.20 0.12 1.25 1.45 1.45 1.63 453
11  Moraceae 2 69.25 20.20 0.56 6.24 0.97 0.97 5.20 7.13
12  Rubiaceae 1 16.00 13.80 0.02 0.15 0.48 0.48 0.09 1.06
13 Sapindaceae 2 19.10 12.20 0.03 0.20 0.97 0.97 0.29 2.23
14 Sterculiaceae 18 19.09 11.59 0.03 0.22 8.70 8.70 2.72 20.11
15  Ulmaceae 4 22.68 13.90 0.05 0.50 1.93 1.93 0.91 477

MDBH-Mean diameter at breast height, MHT-Mean height, MBA-Mean Basal area, RF-Relative frequency RD-Relative frequency, FIV-Family importance Value
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Table 5: Families’ Importance Index for Idanre Forest Natural Forest

S/N  Family No MDbh MHt MBA MVol. RF RD% RDo% FIvV
(m) (m) (m"2) (m"3)
1 Anacardiaceae 2 0.40 25.75 0.12 211 1.35 1.35 3.142678 5.85
2 Annonaceae 3 0.90 22.70 0.82 10.94 2.03 2.03 4.714016 8.77
3 Apocynaceae 2 0.45 16.45 0.26 2.76 1.35 1.35 3.142678 5.85
4 Boraginaceae 3 0.91 13.17 1.10 2.79 2.03 2.03 4.714016 8.77
5 Cecropiaceae 2 117 14.55 1.62 4.84 1.35 1.35 3.142678 5.85
6 Clusiaceae 1 0.88 16.50 0.61 3.32 0.68 0.68 1.571339 2.92
7 Dracaenaceae 1 1.37 2350 1.47 8.30 0.68 0.68 1.571339 2.92
8 Ebanaceae 11 0.34 13.08 0.16 0.62 7.43 743 17.28473 32.15
9 Euphorbiaceae 11 0.33 15.14 0.09 0.73 743 7.43 17.28473 32.15
10 Fabaceae 13 0.46 16.61 0.34 2.27 8.78 8.78 20.4274 37.99
11 Guttiferae 2 0.17 14.45 0.03 0.17 1.35 1.35 3.142678 5.85
12 Irvinginaceae 2 0.27 12.60 0.06 0.43 1.35 1.35 3.142678 5.85
13 Lamiceae 6 0.70 17.52 0.48 2.87 4.05 4.05 9.428033 1754
14 Malvaceae 18 0.42 18.27 0.22 1.37 12.16 12.16 28.2841 52.61
15 Meliaceae 9 0.35 18.57 0.15 1.32 6.08 6.08 14.14205 26.30
16 Moraceae 5 0.58 16.76 0.40 3.20 3.38 3.38 7.856694 14.61
17 Myristicaceae 1 1.25 16.60 1.23 5.12 0.68 0.68 1.571339 2.92
18 Ochnaceae 1 0.78 22.40 0.48 3.96 0.68 0.68 1.571339 2.92
19 Olacaceae 7 0.24 15.43 0.05 0.45 4.73 4.73 10.99937 20.46
20 Rubiaceae 4 0.13 10.65 0.01 0.10 2.70 2.70 6.285355 11.69
21 Samydaceae 1 0.10 11.80 0.01 0.07 0.68 0.68 1.571339 2.92
22 Sapindaceae 1 0.44 18.50 0.15 142 0.68 0.68 1.571339 2.92
23 Sapotaceae 1 1.30 19.00 1.33 4.79 0.68 0.68 1.571339 2.92
24 Sterculiaceae 14 0.50 19.12 0.30 2.70 9.46 9.46 21.99874 40.92
25 Ulmaceae 27 0.44 17.48 0.23 131 18.24 18.24 42.42615 78.91

MDBH-Mean diameter at breast height, MHT-Mean height, MBA-Mean Basal area, RF-Relative frequency RD-Relative frequency, FIV-Family importance Value
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Table 6: Families’ Importance Index for Idanre Hill Natural Forest

S/IN  Family No MDBH MHt MBA MVol. RF% RD% RD0% FIvV
(cm) (m) (m2) (m3)
1 Anacardiaceae 8 2511 11.05 0.07 0.48 5.30 5.30 3.01 13.61
2 Annonaceae 1 24.00 18.20 0.05 0.24 0.66 0.66 0.26 1.58
3 Apocynaceae 9 35.30 12.64 0.19 177 5.96 5.96 9.98 21.90
4 Bignoniaceae 3 17.00 11.17 0.02 0.18 1.99 1.99 041 4.38
5 Caesailpiniodeae 3 27.10 10.17 0.07 0.46 1.99 1.99 1.19 5.16
6 Combretaceae 1 63.20 22.40 0.31 2.82 0.66 0.66 1.80 313
7 Ebenaceae 2 13.80 9.45 0.02 0.07 1.32 1.32 0.19 2.83
8 Fabaceae 55 26.32 14.23 0.07 0.77 36.42 36.42 21.17 94.02
9 Loganiaceae 2 29.60 13.45 0.07 0.55 1.32 1.32 0.80 3.45
10 Malvaceae 7 61.64 18.36 0.36 2.94 4.64 4.64 14.68 23.95
11 Meliaceae 17.68 9.17 0.03 0.18 5.96 5.96 1.40 13.32
12 Mimosoideae 1 46.70 18.00 0.17 1.82 0.66 0.66 0.99 231
13 Moraceae 16 44.81 15.99 0.25 2.86 10.60 10.60 22.68 43.87
14 Papilionoideae 1 10.20 9.70 0.01 0.07 0.66 0.66 0.05 1.37
15 Phyllanthaceae 23.26 10.68 0.05 041 5.96 5.96 2.57 14.49
16 Sapindaceae 27.85 15.30 0.06 0.61 1.32 1.32 0.70 3.35
17 Sapotaceae 47.50 15.97 0.18 1.46 1.99 1.99 3.14 7.12
18 Sterculiaceae 18 37.57 16.76 0.14 1.40 11.92 11.92 14.82 38.66
19 Ulmaceae 1 21.20 10.10 0.04 0.18 0.66 0.66 0.20 153

MDBH-Mean diameter at breast height, MHT-Mean height, MBA-Mean Basal area, RF-Relative frequency RD-Relative frequency, FIV-Family importance Value
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Table 7: Summary of tree species diversity indices in the selected forest sites

Variables Igbo Olodunmare Idanre F.R Idanre hill All Locations
No of trees/ ha 207 148 151 506

No of Families (NF) 15 25 19 32

No of Species (NS) 30 61 44 100
Shannon-Weiner Index (H’) 1.58 3.76 3.33 3.57
Pielou's Spp evenness index 0.46 0.91 0.88 0.78
Simpson's concentration 0.47 0.03 0.05 0.1

N1 of hill diversity (N1) 28.49 57.39 40.83 96.57

N2 of hill diversity (N2) 213 29.52 19.73 10
Margalef's index of Spp. richness 5.44 12.01 8.57 15.90

M)

The forest structure, based on diameter distribution of all the trees that were encountered in the selected forest reserves
are presented in figure 1 below. As one of the peculiar features of a mature natural forest ecosystem, the DBH distribution
curve of tree species in the selected forests followed inverse J-shaped pattern as represented. About 39.3% trees fall

within the lowest diameter class (10-20cm) in each of the selected forest area.

Frequency

DBH Classes

— -

IGBO'LODUMARE

IDANRE FR

IDANRE HILL

-—

Figure 1: Diameter distribution curwe for the selected natural forests.
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DISCUSSION

The Nigeria rainforest ecosystemhas been reported to be rich in diversity of trees than any other single forest community
regardless of its plot size (Adekunle, 2006).This forest ecosystemis dominated by members of Sterculiaceae, Moraceae
and Meliaceae (Isichei, 1995), which agrees with the result obtained in this study. Tree species richness is one of the
biodiversity indexes. The result obtained in this study shows that 61 tree species were encountered in Idanre forest
reserve and 44 tree species were recorded in Idanre hill, which was higher than the 31 species that was obtained in the
Igbo Olodunmare. The values of species richness obtained in Idanre forest reserve and Idanre hill are comparable with
the results of Lowe (1997) and Adekunle (2006) obtained forsome natural rainforest sites in Nigeria and that of Abayomi
(2001) who recorded 68 species in Cross river state of Nigeria. Several researchers had adopted the use of Shannon
Weiner diversity indexto investigate ecosystemdiversity as it takes into account both species richness and evenness in
a forest community (Onyekwelu et al., 2005). The trend of Shannon Weiner diversity indices shows that Idanre forest
reserve was the most diverse of the three selected study areas, followed by Idanre hill and lastly Igho Olodunmare. The
Shannon Wiener value obtained in Idanre forest reserve (3.76) and Idanre hill (3.33) agrees with the findings of Adekunle
(2006) that obtained H' values of 3.34-3.66 for some rainforest sites in Nigeria but higher than that of Igbo Olodunmare
(1.58). This result is an indication that biological diversity could be adequately conserved through the establishment of
natural forest. The value of tree species evenness according to Pielou obtained in Idanre hill (0.88) and Idanre forest
reserve (0.91) was an indication that tree species in the forest was most evenly distributed in Idanre forest reserve and
Idanre hill followed by Igbo Olodunmare (0.46) which was unevenly distributed.

Tree stemvolume at stand level was reported to be one of the most important parameters in forest management, and its
acquisition is very time consuming and expensive because it is normally obtained from field surveys (Tonolli et al.,
2011). The high tree volume productivity obtained in the three natural forest (Igbo Olodunmare, Idanre hill and Idanre
natural forest) could be attributed to the effect of conservation (Onyekwelu et al., 2005). About 90% of all the trees
encountered in the Igbo Olodunmare fall in the lower height class of 10-20cm while 10% of them falls in the diameter
class of 20-30cm. Similar trends were also noticed in Idanre forest reserve and Idanre hill. About 65% of the trees
encountered in the all the selected natural forest could be regarded as matured or big trees (dbh>40cm) while about 35
% of themwere represented as small diameter logs. The proportion of big trees in this forest is more than 4.5and 3.5%
reported by Huang et al., (2003) and Lu et al., (2010). The number of stemin the site was inversely proportional to the
diameter sizes in the DBH class frequency distribution which denotes a healthy recruitment of individual in an unlogged
forest site. The distribution of number into DBH size classes for the study area is a typical inverted J-shape curve
expected of tropical natural forest eco-system.

CONCLUSION

This study provided species diversity and abundance in Idanre forest reserve, Idanre Hill natural forest and Igbo -
Olodumare. Idanre forest reserve had the highest Shannon-Weiner index (3.76) when compared with the other two
locations. Although there was no continuous forest in the study areas, the species diversity and abundances obtained in
the study areas compared favorably with the ones obtained in similar ecosystem except for Igho-Olodunmare that was
dominated by Hildegardia barteri. Information provided in this study could be used by the government to avert further
deforestation and forest degradation in the study areas.
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Abstract

The species rich tropical rainforests have been under intense pressure to satisfy demandsfor timber and non-
timber products, the long-term effect being degradation in terms of quality and quantity of the forest
ecosystem. This study was carried out to assess the potential of protected areas in biodiversity conservation.
This was done by assessing the tree species diversity and abundance, and growth yield of a protected forest
area. Systematic line transect was used for plot layout. All trees with dbh >10cm were identified, and
classified up to family level and their diameter at the base (db), height, diameter at breast height (dbh),
diameter at the top (dt) and height were measured. A total of 150 stems per hectare belonging to 46 tree
species distributed among 27 families were encountered in this study. Hylodendron gabunense Taub. wasthe
most abundant tree species with 19 stemsha~! .A total basal area and volume of 15.09m?ha-' and
107.72m3ha-' were recorded respectively for the study site. Only 45.3% of trees encountered inthe study
area fell in the lower diameter class of 10-20cmand 25.3% fell in diameter class above 40cm. Shannon-
Weinner diversity index of 3.51 and Species evenness of 0.92 were obtained. The study concluded that
protected areas are potential biodiversity hotspots and recommended that protected areas should be

safeguarded from anthropogenic activities.

Keywords: Species diversity, Species Evenness, Tree Volume, biodiversity hotspots

INTRODUCTION

Due to population growth, exploitation of natural resources in the developing countries of the world is increasing at an
alarming rate. Variations in structure and floristic composition in rainforests are attributed to ecological and evolutionary
processes, geographic circumstances, and natural (e.g. fires, floods, wind throws) and human-induced disturbances e.g.
clearing, burning, logging etc. (Okuda et al., 2003; Richards, 1952). As stated by Dengler (2017), Phytosociology is an
aspect of science which study vegetation in terms of plant assemblages, classification and characterization of the
vegetation types based on the floristic composition in the plant community. It is a veritable tool to characterize and
classify plant community according to structure and composition for protecting the natural plant environment and proper
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(i)

management of the forest resources. Protected Areas (PAs) are potentially beneficial for carbon sink and environmental
conservation. They help to conserve ecosystems that provide habitat, shelter, food, raw materials, genetic materials, a
barrier against disasters, astable source of resources and ecosystemgoods and services and thus can have vital roles in
helping species and people adapt to climate change. Strict Nature Reserve (SNR) is a common method of in situ
conservation of biodiversity in Nigeria in particular and the world in general (Isichei,1995). Other common methods in
Nigeria are Game Reserves, Sacred Groves, Biosphere Reserve. These areas are created to protect representative samples
of natural ecosystems for preservation of biodiversity, ecological process and maintenance of genetic resources. About
10 million ha of rainforests are degraded each year, with exploitation, felling damage to residual forests and non -timber
forest products collection being the chief causes. Forest degradation is usually accompanied by species extinction,
reduction in biodiversity and decrease in primary productivity (Wilcox, 1995). Logging can generate negative impacts,
with immediate effects that include reduction in tree density, basal area, commercial species, canopy area and climax
species populations (Johns et al., 1992; Koéhler and Huth, 2007; Marshall, 1992; McDonald et.al., 2008). Long-term
effects result in changes in diameter and height distribution, basal area, volume, recruitment and floristic composition
(Belote et. al., 2012; Irwin et.al., 2010; Kalacska et. al., 2004; Okuda et al., 2003), and can be difficult to separate from
responses associated with site factors and natural processes (Cannon and Peart, 1998).

Many tropical forests are under great anthropogenic pressure and require management interventions to maintain the
overall biodiversity, productivity, and sustainability (Kumar, et al.,2006). Understanding tree composition and structure
of forestis avitalinstrument in assessing the sustainability of the forest, species conservation, and management of forest
ecosystems. Kacholi (2014) reported that the long-term biodiversity conservation depends basically on the knowledge
of the structure, species richness, and the ecological characteristics of vegetation. Information fromthis phytoecological
studies of this PA will provide vital information for forest assessment and improve our knowledge in identification of
ecologically useful species. In view of the above, this study was carried out in Oluwa natural forest to assess its tree
species diversity and forest structure.

METHODOLOGY

The study area

Oluwa natural forest is within Oluwa Forest Reserve and lies between reserve latitude 6°55'-7° 20'N & longitude 3°45'-
4°32'E. It covers an area of 87, 816 ha. The forest experiences the rainy season from March to November while the dry
season occurs from December to February. The average annual rainfall is 1700mm, relative humidity of 80%, an annual
temperature of 26°C with an average elevation of 100 m above sea level. The soil texture in Oluwa Forest Reserve is
sandy-loamy but gradually becomes heavier in depth. The soil of the area supports the growth of many tropical hardwood
species with a great diversity.

Data Collection

Plot layout

Systematic line transect was adopted in the study area. Two parallel transects of 500m apart were laid in study site after
a 50-meter offset has been measured. Thereafter, four sample plots of equal size (50x50m) were alternately laid on each
transect. On each sample plot, all trees with Diameter at Breast Height (DBH) > 10 cm were tagged and measured.

Tree growth measurement
Tree growth variables such as the diameter at the breast height(dbh), diameters at the base (Db), diameter at the middle
(Dm), diameter at the top (Dt) and height of all trees in each plot were all measured.

Tree diversity

The frequency of occurrence and scientific names of all the tree species encountered in each plot were recorded. Where
a tree species is difficult to identify the species, the local name was recorded, and plant specimens were collected and
taken to Forestry Research Institute of Nigeria, Ibadan, Nigeria herbarium for identification.

Data Analysis
Basal Area Estimation: The basal area of each tree was computed using:

7Z_D2

BA =



Where BA = Basal area (m?), D = Diameter at breast height (m) and = = Pie (3.142).
Basal area per hectare was obtained by multiplying the mean plot basal area with the number of sampling plots in a
hectare

(i)  Volume Estimation
The volume of individual trees was estimated using Newton formula

\/:%%@%2+4Dm2+Df) ......................................................................... )

Where: V = Volume of tree (m®), Dp= Diameter at the base (cm), Dm = Diameter at the middle (m), D: = Diameter at the
top (m), H = height (m).
Volume per hectare was obtained by multiplying the mean plot volume with the number of sampling plots in a hectare

Tree Diversity Analysis
(i) Species Relative Density was computed as follows

Where: RD (%) = Species Relative Density; ni = number of individuals of species i; N = total number of all tree
species in the entire community.

(ii) Species Relative Dominance (%) of each species was estimated using the following equation:

Ba, x100
0, <TI0

Where: Ba; = basal area of individual tree belonging to the it species and Ban = stand basalarea.

(iii) The Shannon-Wiener diersity index equation (Kent & Coker, 1992), was employed to calculate the tree
species diversity in the ecosystems because it takes into account the richness and abundance of each species in
different ecosystems (Prince 1997).

S
H =D DIN(D) e )
i=1

Where H’ = Shannon diversity index, S = the total number of species in the community, pi = proportion S (species in
the family) made up of the ith species and In = natural logarithm.

(iv) To determine the Species evenness (E), in each community Shannon's equitability equation was adopted (Kent
and Coker 11992)

? 6

ISy T 6)
(V) Important Value Index (%): This was obtained using the equation below

RD + RDo
VI = Q ......................................................................................... (6)

2

Where RD is relative density of the Species; RDy is the relative dominance of Species
RESULTS
A total of 150 stems ha ™' distributed among 46 tree species and 27 families were encountered in this study (figure
1). Hylodendron gabunense Taub had the highest number of occurrence with 19stemsha ™. So, it was referred to

as the most abundant tree species. This was closely followed by Cleistopholis patens (Benth)Engl.& Diels with
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10stemsha ~'. The third most abundant tree species was Ficus exasperata Vahl with 8stemsha ~*.Some of the tree
species represented by a single stem are Diospyros spp, Macaranga barteri Mull-Arg, Newbouldia laevis P. Beauv.,
Hylodendron pabe Taub., Picralima nitida (Stapf) T. Durand & H. Durand, Maesopsis eminii, Mitragyna ciliate Myta,
Nuclea diderrichii De wild. & Th. Dur., Rothmannia spp, Zanthoxyllum leprieurii Gril. & Perr. etc. Baphia nitida Lodd
had the highest mean dbh of 68cm.This was followed by Pycnanthus angolensis (Welw.) Warb. with a mean dbh of
58.25cm while Celtis mildbraedii Engl. blanco had the lowest mean dbh of 10. 10cm.The highest mean height of 31.55m
was recorded for Lannea welwitschii (Hiern) and the lowest was recorded for Mansonia altisima A. Chev and Celtis
mildbraedii Engl. Blanco each with a mean height of 5.70m (table 1). Table 2 shows the IVI of tree species in the study
area. Hylodendron gabunense Taub had the highest IVI of 10.77 while the lowest was recorded for Blighia sapida K
Konig, Celtis mildbraedii Engl. Blanco, Maesopsis eminii, Mitragyna ciliate Myta and Nuclea diderrichii De wild. &
Th. Dur each with an V1 of 0.37. A basal area and volume of 15.09m?ha-! and 107.72m3ha-! were recorded respectively
for the forest (Table 3). High Shannon Wiener diversity indexof 3.51 and equitability index according to Pielou of 0.92
were recorded for the study area (table 4). The forest was dominated by trees that fell in the height class 11-20m (Figure
2). Most of the trees observed in this study fell in the lower diameter class of 10-20cm while few numbers fell in tree
diameter class greater than 40cm (figure 3).
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Table 1: Tree Species abundance and growth variables for the study area.

S/IN Family Species No of MDbh (cm) MHt.(m)  BA/ha(n?) Vol./ha(m?) H!
Stem

1 Anacardiaceae Lannea welwitschii Hiern 2 46 3155 0.35 4.38 -0.06
Pseudospondia microcapal spp 5 16.72 7.78 0.14 0.53 -0.11
2 Annonaceae Cleistopholispatens (Benth) Engl.& Diels 10 24.15 12.13 0.59 6.47 -0.18
3 Apocynaceae Rauvolfia vomitoria Afzel. 3 11.13 6.1 0.03 0.1 -0.08
4 Bignoniaceae Newbouldia laevis P. Beauv. 1 234 16.7 0.04 0.47 -0.03
5 Burseraceae Canariumschweinfurthii Engl. 2 33.85 17.15 0.18 1.39 -0.06
6 Capparaceae Bucholzia corrazea Engl. 6 27.9 11.05 0.57 2.77 -0.13
7 Cecropiaceae Musanga cecropioides R. Br. 4 23.88 11.23 0.22 1.83 -0.10
8 Combereteceae Terminalia superba Chev 3 18.8 14.4 0.09 0.68 -0.08
9 Ebenaceae Diospyros dendo Welw.ex Hiern 4 24.78 7.93 0.27 0.85 -0.10
Diospyros mespilifomis Hochst 3 25.77 9 0.23 19 -0.08
Diospyros spp 1 30.8 185 0.07 1.06 -0.03
10 Euphorbiaceae Macaranga barteri Mull-Arg 1 13 85 0.01 0.07 -0.03
Rhesinodendron heudelotti (Baill.) Pierr 3 18.83 8.97 0.08 04 -0.08
11 Fabaceae Hylodendron gabunense Taub 18 28.1 14.98 144 10.98 -0.25
Hylodendron pabe Taub. 1 16 18.7 0.02 0.24 -0.03
12 Guttifereae Picralima nitida (Stapf) T.Durand & H.Durand 1 17.3 10.1 0.02 0.19 -0.03
13 Loganaceae Anthocleista vogelii Planch. 3 24.9 10.57 0.19 173 -0.08
14 Malvaceae Ceibapetandra(L) Gaertn 1 285 24 0.06 0.68 -0.03
15 Meliaceae Trichilia heudelottii Planch.ex Oliv. 6 34.92 15.33 0.8 6.25 -0.13
16 Moraceae Ficus exasperata Vahl 8 50.1 17.06 2.14 16.79 -0.16
Miliciaexcels (Welw.) C. Berg 1 55 11 0.24 0.96 -0.03
Myrianthusarboreus P. Beauv 3 24.27 15.2 0.15 15 -0.08
Pycnanthusangolensis (Welw.) Warb. 4 58.25 13.13 1.35 7.48 -0.10
17 Olacaceae Strombosia pustulata Oliv. 1 25 14.3 0.05 0.32 -0.03
18 Pandaceae Microdesmis puberula Hook.f. ex Planch 2 35.95 15.8 0.21 2.22 -0.06
19 Papilionoideae Pterygota macrocarpa Craib 4 18.33 10.05 0.12 0.53 -0.10
20 Papinonaceae Baphia nitida Lodd 3 68 21.63 121 7.77 -0.08

o]
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21
22
23

24
25

26

27

Phylianthaceae
Rhamnaceae
Rubiaceae

Rutaceae
Sapotaceae

Sterculiaceae

Ulmaceae

Blighia sapida K Konig
Nochocarpussericeus (Poir) HB & K.
Spondiathus preussii Engl.

Maesopsis eminii

Mitragyna ciliate (Myta)
Nucleadiderrichii De wild. & Th. Dur.
Rothmannia spp
Zanthoxyllumleprieurii (Gril.& Perr.)

Colaheterophylla (P. Beauv.) Schott & Endl.

Macaranga barteri Mull-Arg
Malacanta alnifolia(Baker) Pierre
Colaexasperata Vahl.
Colagigantea A.Chev.
Mansonia altisima A. Chev.
Sterculiarhinopetala K. Schum
Sterculiatragacantha K. Schum
Triplochiton scleroxylon K. Schum
Celtismildbraedii Engl. Blanco
Celtiszenkeri Engl

Total

O L UOT N O FP DR WEREDNPRPRPRPRPRR R ®WER B

150

12
25.3
12.43
10.4
105
11.3
85
44
37.83
185
28.27
31.9
34
16.1
3141
36.5
19.8
10.1
30.3

6.7
147
9.93

6.2

7.1

9.7
13.7
18.3

17.98
8.2
8.5

7
154

5.7

11.59

18.85

11.06
5.7

11.45

0.01
0.05
0.04
0.01
0.01
0.01
0.57
0.15
0.5

0.03
0.24
0.08
0.64
0.02
0.85
0.22
0.19
0.01
0.58

0.06
0.6
0.32
0.03
0.04
0.07
231
1.06
5.55
0.1
114
0.17
3.03
0.03
6.13
1.83
1.25
0.02
3.42

-0.03
-0.03
-0.08
-0.03
-0.03
-0.03
-0.03
-0.03
-0.10
-0.03
-0.08
-0.03
-0.10
-0.03
-0.16
-0.06
-0.11
-0.03
-0.13
3.51

MDBH-Mean Diameter at the Breast height, MHt-Mean height, MBA-Mean basal area, MVol.-Mean Volume,H!-Shannon Wiener diversity index, RD-Relative

Density.
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Table 2: Importance value index of tree species in the study area

SIN Species RD (%) RDo (%) VI (%)
Anthocleista vogelii Planch. 2.00 1.19 1.60
Baphianitida Lodd 2.00 7.96 4.98
3 Blighia sapida K. Konig 0.67 0.07 0.37
4 Bucholzia corrazea Engl. 4.00 3.58 3.79

Canariumschweinfurthii Engl. 1.33 1.19 1.26

Ceibapetandra(L) Gaertn 0.67 0.40 0.53

Celtismildbraedii Engl. Blanco 0.67 0.07 0.37

Celtiszenkeri Engl 4.00 3.98 3.99
9 Cleistopholis patens(Benth)Engl.& Diels 6.67 3.98 5.32
10 Colaexasperata 0.67 0.53 0.60
11 Colagigantea A.Chev. 2.67 424 3.46
12 Colaheterophylla (P. Beauv.)Schott & Endl. 2.67 3.18 2.93
13 Diospyros dendo Welw.ex Hiern 2.67 1.86 2.26
14 Diospyros mespilifomis Hochst 2.00 1.59 1.80
15 Diospyros spp 0.67 0.46 0.57
16 Zanthoxyllumleprieurii (Gril.& Perr.) 0.67 0.99 0.83
17 Ficus exasperata Vahl 5.33 14.32 9.83
18 Hylodendron gabunense Taub 12.00 9.55 10.77
19 Hylodendron pabe Taub. 0.67 0.13 0.40
20 Lannea welwitschii (Hiern) Engl. 1.33 2.25 1.79
21 Macaranga barteri Mull-Arg 1.33 0.27 0.80
22 Maesopsis eminii 0.67 0.07 0.37
23 Malacanta alnifolia (Baker) Pierre 2.00 1.59 1.80
24 Mansonia altisima A. Chev 0.67 0.13 0.40
25 Mitragyna ciliata (Myta) 0.67 0.07 0.37
26 Microdesmis puberula Hook.f. ex Planch 1.33 1.33 1.33
27 Miliciaexcelsa (Welw.) C. Berg 0.67 1.59 113
28 Musanga cecropioides R. Br. 2.67 1.33 2.00
29 Myrianthusarboreus P. Beauv 2.00 0.99 1.50
30 Newbouldia laevis P. Beauv. 0.67 0.27 0.47
31 Nochocarpussericeus (Poir) HB & K. 0.67 0.33 0.50
32 Nucleadiderrichii De wild. & Th. Dur. 0.67 0.07 0.37
33 Picralima nitida (Stapf) T.Durand & H.Durand 0.67 0.13 0.40
34 Pseudospondia macrocarpa (A. Rich.) Engl 3.33 0.99 2.16
35 Pterygota macrocarpa Craib 2.67 0.80 173
36 Pycnanthusangolensis (Welw.) Warb. 2.67 9.02 5.84
37 Rauvolfia vomitoria Afzel. 2.00 0.20 1.10



38
39

40

41
42
43

45
46

Ricinodendron heudelotii (Baill.) Pierr
Rothmannia spp

Spondiathuspreussii Engl.

Sterculiarhinopetala K. Schum
Sterculiatragacantha K. Schum
Strombosia pustulata Oliv

Terminalia superba Chev

Trichilia heudelottii Planch.ex Oliv.
Triplochiton scleroxylon K. Schum
Total

2.00
0.67

2.00

5.33
1.33
0.67

2.00

4.00
3.33
100.0

0.60
3.78

0.20

5.84
1.46
0.33

0.60

5.17
133
100.0

1.30
2.22

1.10

5.58
1.39
0.50

1.30

4.59
2.33
100.0

RD-Relative Density RDo-Relative Dominance, IVI-Importance Value Index

Table 3: Summary of tree growth variables for the study Area

Growth Variables Values
Basal area/ha (m?) 15.09
Volume/ha (m?) 107.72
Mean DBH (cm) 29.43
Dominant DBH (cm) 92.3
Dominant height (m) 29.5

Table 4: Tree Species diversity Indices for the study area

Biodiversity Indices Values
No of stem/ha 150
No of Species (NS) 46
No of Family (NF) 27
Shannon-Wieners (H!) 351
Pielou's Spp. evenness index(E) 0.92
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Figure 3: DBH distribution of tree species in the study area

DISCUSSION

Tropical rainforests are greatly rich in biodiversity. It has the highest of number of tree species when compared
to any other community. Understanding Tree species diversity and abundances, composition and structure are
very important in assessing forest sustainability, species conservation and ecosystems management (Kacholi,
2014). The tree species encountered in this study are majorly of tropical hardwood species and are of high
economic values especially to rural dwellers and source of revenue for national development. The density,
abundance and distribution of individual species are measurable indicators of plant diversity (Wattenberg and
Breckle,1995). The 46 tree species obtained in this study area corresponds with the result of Adekunle et al. (2010)
who obtained 46 tree species in the undisturbed forest of Akure Forest Reserve and Onyekwelu (2007) who
recorded 45 tree species in Oluwa Forest Reserve. Biodiversity indices are generated to investigate ecosystem
diversity as it takes into consideration of both the species richness and evenness in a community (Onyekwelu,
Adekunle, & Adedutan, 2005).The high Shannon Wiener indexof 3.51 obtained in this site revealed a forest with
high tree species diversity and abundance and agrees with the values (3.34-3.66) reported for some tropical
rainforest sites (Adekunle 2006; Adekunle and Olagoke, 2007).The high floristic composition of this forest site
could be attributed to conservation, noting that the forest has not been disturbed within a living memory. The hiigh
species evenness is an indication that tree species encountered in this study areaare evenly distributed. The total
volume obtained in this study is less than the value reported by Adekunle et al., (2010). The difference in the
values may be as a result of method used in tree volume computation. The mean dbh obtained in this study is
greater than the values reported by Adekunle et al., (2013) who worked in a similar tropical rainforest ecosystem.
The distribution ofstems into dbh classes showed a J-shaped pattern which is an indication of healthy recruitment
of individuals in the forest. The study revealed that the number of trees reduces as the tree diameter increases
which is a common characteristic of tropical rainforest. The distribution of trees into height classes in this study
revealed a forest that will continue to grow till maturity if proper managements are put in place (Adekunle et al.,
2013).

CONCLUSION AND RECOMMENDATIONS

The results of this study revealed that protected areas play vital roles in biodiversity conservation. The high
Shannon wiener value obtained in this study was a result of conservation. Therefore, there is need to act upon and
embrace forest conservation and to ensure our forests and forest land are being managed in a way that maintain
their biodiversity, regeneration potential and productivity. Proper forest management and practices should be
encouraged through trainings. Rural communities should be involved in the management of the forest and they

should be rewarded inform of incentives by the government agency responsible for management of protected
areas.
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Abstract

The genus Sterculia isan important taxon ofindigenous tree in the family Malvaceae utilised for ethnomedicinal
purposes in Nigeria. However, there is limited recent information on the morphological and foliar epidermal
characteristics ofthe genus Sterculia in Nigeria which contribute to the taxonomic description and optimumuse
ofthe speciesin the genus. This study therefore investigated the morphological and epidermal characteristics of
the genus Sterculia to provide information for the taxonomic relationship of the species in the genus. Data were
collected on the morphological and epidermal characters on the samples of Sterculia tragacantha and Sterculia
rhinopetala, Sterculia oblonga and Sterculia setigera obtained from Onigambari, Olokemeji forest reservesand
Department of Forest production and Products, University of Ibadan. Data were analysed using descriptive
statistics, ANOVA, Principal component analysis and Phylogenetic analyses. Leaf shape of the species varied
from elliptic, obovate, ovate to oblong. Leaf base was largely lobate and rounded, flower colour was dull red,
reddish-pink and cream colour. The leaf morphometrics of the trees in the Genus Sterculia was significantly
(p<0.05) different. The epidermal cells varied from either polygonal or irregular shapes on the two epidermal
layers. Trichomes were usually many and located along the veins on the epidermis of Sterculia setigera and S.
tragacantha but absent on Sterculia oblonga and Sterculia rhinopetala. Paracytic stomata were identified on S.
tragacantha and Sterculia rhinopetala while anomocytic and anisocytic stomata were discovered
on Sterculia setigera and S. oblonga respectively. Epidermal cell lengthwas 26.4 pm — 32.4 umwhile cell width,
stomata length, stomatal width, guard cell width and guard cell area on the abaxial epidermal layer were
respectively 13.9 um — 20.4 pum, 12.9 um— 23.5 pm, 9.1 um — 15.3 um, 3.9 um — 10.5 pm and 50.3 — 154.5 pum?,
First two principal componentsaccounted for approximately 85.4% of the total variation among the taxa at7.5
eigenvalues. Stomata and epidermal cell variables were highly loaded to the firsttwo principal components. The
phylogenetic tree indicates that Sterculia oblonga is the earliest evolved species, followed by S.
rhinopetala while S. tragacantha and S. setigera are the most recent Sterculia species having strong branch
support of 60% bootstrap value. This study has provided basic information on the morphological and leaf
epidermal characters that could be used for proper discrimination and identification of the Sterculia speciesin

Nigeria. Taxonomic keys to the species were generated based on the epidermal characters.

Keywords: Morphological characters, epidermal peel, Taxonomy, Sterculia

INTRODUCTION

Sterculia is one of the largest genera of flowering plants in the family Malvaceae. This taxon was named after the
Roman god of privies, Sterculius as a result of foul-smelling flowers of the plants in the group. It comprises of
about 150 species distributed into different parts of the tropics and 4 species have been identified in Nigeriasome
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of which have significantly contributed to human wellbeing (El-Sherei et al., 2016). The genus Sterculia is
ethnomedicinally useful. This is based on the fact that the species are a rich source of flavonoid, alkaloids,
saponins and glycosides, which are well-known for their broad range of bioactivity, including antimicrobial,
antifungal, insecticidal, antioxidant, cytotoxic, and anti-inflammatory activities (Judd and Manchester, 1997). In
China and Thailand, the leaves of some of the species are taken as a tea (Inta et al., 2008). Oil extracted
from Sterculia setigera seeds has been utilised for frying and in the production of biscuit (Hassan et al., 2016).

Despite the aforementioned importance, Sterculia is poorly known taxonomically in Nigeria. This has accounted
for many unidentified and misidentified specimens as well as nomenclatural problems, including synonymy, in
most of the herbaria (Ayodele and Olowokudejo, 2006). According to El-Sherei et al. (2016), there is confusion
on the systematic position and classification of the genus Sterculia, which has greatly limited the optimum
utilisation of the species. This genus was previously placed in the family Sterculiaceae and latertransferred to the
family Malvaceae due to its unsettled taxonomic  position. Malvaceae, Sterculiaceae,
Bombacaceae and Tiliaceae now constitute the order Malvales. Hence, there is presently paucity of recently
published information on the taxonomic characteristics of the genus from Nigeria using morphology and
epidermal characters. This study, therefore, examined the taxonomic significance of morphological and leaf
epidermal characters with a view to contributing to the knowledge of the taxon and providing necessary
information for the classification and identification of the genus.

METHODOLOGY

Study Area

A reconnaissance survey was carried out to determine the distributional range in Nigeria using the previous
collection records obtained from the herbarium and Floras. Ten (10) samples of leaf were randomly collected at
a uniform position on the matured mother trees in their distributional range from two (2) trees of each species
based on availability. Sterculia tragacantha and Sterculia rhinopetala were obtained from Onigambari Forest
Reserve Ibadan while samples of Sterculia setigera were sourced from the Department of Forest Production and
Products, the University of Ibadan based on availability. Samples of Sterculia oblonga were collected from
Olokemeji forest reserve. The fresh specimens were divided into two; 5 matured leaves were used for macro
morphology while the remaining portion was preserved with 50% ethanol in the specimen collection bottle
immediately. The preserved samples were used for the description of leaf epidermal characters at the laboratory
of the Department of Forest Production and Products, University of Ibadan.

Data Collection

Morphological characterisation

Qualitative variables such as the position of petiole attachment, leaf apex shape, leaf margin, leaf surface, leaf
venation, tree bark type, flower colour and fruit colour were determined and translated into numerical codes.
Morphological characters that were measured include leaf length, leaf width, petiole length, lamina length, leaf
width at base, leaf width at the middle, leaf width at the top, leaf acumen length (apeX), petiole width and space
between successive secondary veins were measured using Vernier calliper, thread and 30cm meter rule.

Leaf epidermal characterisation

The procedure described by Soyewo et al (2015) was adopted for the leaf epidermal characterisation. Portions of
about 2-5 cm were cut from the standard median part of the leaf lamina near the mid-rib of the fresh leaf and
subsequently soaked in concentrated trioxonitrate (v) acid (HNO3) in capped specimen bottles for about 8-24
hours depending on the leaf texture to macerate the mesophyll. The appearance of airbubbles on the soaked leaves
indicated the readiness of the epidermises for separation. The specimens were then transferred into Petri dishes
containing water for the separation of epidermal layers. The abaxial and adaxial epidermises were separated with
the aid of forceps and dissecting needles. The leaf surfaces were cleared to remove the mesophyll layer using
camel-hair brush and washed in several changes of water. Cleared epidermises were transferred into different
grades of ethanol, 50 % — 100 % in Petri- dishes to dehydrate the cells. The epidermal peels were stained with
Safranin O for about five minutes mounted in glycerin on glass slides with the uppermost surfaces facing up,
covered with cover-slips and ringed with nail varnish to prevent dehydration.

The slides were labelled appropriately and studied under the x40 objective magnification of CIWA XSP-35TV
Biological microscope number of stomata and epidermal cells per unit area, types of stomata, epidermal cell type,
cell shape, presence of trichomes and type of trichomes on the epidermises. Epidermal cell length, guard cell
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length, guard cell thickness, stomata length, stomata width was measured using ocular micrometre installed in the
microscope eyepiece and photomicrographs were captured using 200W Electronic Eyepiece.

Stomata index was calculated according to Ayodele and Olowokudejo (2006) as:
Stomata index (I) = S/S+E x 100, S=number of stomata per unit area, E=number of epidermal cells per unit area.
Guard cell area was estimated as: GCA = Length x Width x K, (K = Franco’s constant =0.78524).

Data were analysed using descriptive statistics, analysis of variance (ANOVA) and principal component analysis
(PCA). Phylogenetic analysis was carried out using Treecon at 500 bootstrapping replicates.

RESULTS AND DISCUSSION
Results

Morphological characteristics of the genus Sterculia

The result obtained from the summary of the qualitative variable (Table 1) of the four Sterculia species shows
that the leaf shape varied fromelliptic, obovate, ovate to oblong. Leaf base was largely lobate and rounded, flower
colourwas dull red, reddish-pink and cream colour. Leaf apex varied from mucronate to acuminate while the leaf
venation was reticulate and palmate. The leaf morphometrics of the trees in the Genus Sterculia was significantly
(p<0.05) different (Table 2). Leaf total length ranged from 13.7 cm (S. oblonga) to 33.4 cm (S. rhinopetala),
lamina length 7.3 cm (S. oblonga) — 18.1 cm (S. setigera), leaf width at base 6.8 cm (S. oblonga) — 17.6 cm (S.
setigera), leaf width at middle 7.0 cm (S. oblonga) — 14.9 cm (S. tragacantha), leaf width at top 4.1 cm (S.
oblonga) — 12.5cm (S. tragacantha), acumen length 0.5 cm (S. tragacantha) — 2.2 cm (S. setigera), petiole length
49cm (S. oblonga) — 14.3 cm (S. setigera), petiole width 1.3 mm (S. oblonga) — 3.2 mm (S. setigera), number of
secondary veins 3 (S. setigera) — 15 (S. rhinopetala) and space between secondary veins 0.5cm (S. setigera) —
2.8cm (S. tragacantha). S. tragacantha, S. oblonga and S. rhinopetala had equal leaf width ratio of 1.0 while the
maximum value was recorded for S. setigera (1.5).

Epidermal characteristics of the genus Sterculia

The Summary of the qualitative characteristics of adaxial and abaxial epidermal layers of the four Sterculia species
studied (Table 3) shows that there were no stomata on the adaxial layer. The four species also lack crystals. The
epidermal cells varied fromeither polygonal or irregular shapes on the two epidermal layers. Variations were also
observed on the cell wall type of the species, which includes straight wall, straight thick wall, straight to wavy
and wavy. Trichomes were located along the veins on the epidermis of Sterculia setigera and S. tragacantha.
Trichomes were not found on Sterculia oblonga and Sterculia rhinopetala on the two layers.

On the abaxial layer (Table 3), paracytic stomata were identified for both S. tragacantha and Sterculia
rhinopetala while anomocytic and anisocytic stomata were discovered on Sterculia setigera and S.
oblonga respectively (Plate 1). The stomata were either multidirectional and few or multidirectional and many. All
the four Sterculia species lack stomata on the adaxial layer of the epidermis (Table 4). The tree species were
significantly (p<0.05) different by stomatal length, stomatal width, guard cell width and guard cell area on the
axial surface. On the abaxial layer, epidermal cell length ranged from S. setigera (26.4 um) to S. rhinopetala (32.4
pm). The least cell width (13.9 um), stomata length (12.9 um) and stomatal width (9.1 pm), was assessed in S.
rhinopetala while the least guard cell width (3.9 um) and guard cell area (50.3 pn?) on the abaxial epidermal layer
were discovered in S. tragacantha. On the other hand, S. tragacantha had the highest cell width (20.4 pm) and
stomata length (23.5 um), while the maximum stomatal width (15.3 pm), guard cell width (10.5 pm) and guard
cell area (154.5 um?) (Table 4). Stomatal frequency ranged from 16 (S. tragacantha) to 60 (S. rhinopetala) while
the stomatal index increased from 23.6 % (S. oblonga) to 37.7 % (S. rhinopetala ) on the abaxial surface (Figure
1). Stomatal density varied from 39.2 mm? (S. tragacantha) to 147.3 mm? (S. rhinopetala) on the abaxial layer
(Figure 1). Epidermal cell length ranged from S. setigera (26.1 um) to S. tragacantha (36.4 um) while the cell
width was from S. rhinopetala (13.9 um) to S. tragacantha (24.0 um) on the adaxial leaf surface (Table 4).
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Table 1. Summary of Sterculia species morphological variables

Qualitative S. setigera S. tragacantha S. oblonga S. rhinopetala
Variables
Leaf base Lobate Rounded Rounded Rounded
Petiole attachment Central peltate Marginal Marginal Marginal
Leaf apex shape Acuminate mucronate Mucronate Acuminate
Teeth shape Concave Straight Straight Straight
Leaf surface Hairy Glabrous Glabrous Glabrous
Leaf venation Palmate Reticulate Reticulate Reticulate
Tree bark type Smooth with thin Smooth Smooth Flaking in small
scales square pieces
Flower colour Dull red Reddish pink Cream Cream
Fruit colour Green to Brown Red to Brown Green to Brown
(ripe) (ripe) Brown (ripe)
Crown shape Layered Layered Broad Vase
Branching pattern Alternate Whorled Alternate Alternate
Leaf arrangement Alternate Opposite Alternate Alternate
Leaf shape Elliptic Elliptic-oblong Lanceolate Oblong-lanceolate
Table 2. Leaf macro-morphometrics of Sterculia species

Species LTL LL LWB LWM LWT AL PL PW NSV  SBSV LWR
S.setigera  15.3+2.8c 18.1+2.5a 4.7+0.9c 2.2+0.4a 32+02a 3 0.5+0.08c

17.6+2.9a 12.0+1.8a 14.3+3.2a 1.5+0.4a
S. 23.0+4.7b  14.9+31ab  12.8+3.0b 14.9+32a 125+22a  05+0.3c  9.1+4.0b 2.3104b 10 2.8+0.3a 1.0+0.02b
tragacantha
S.oblonga  13.7+2.2¢ 7.3+1.2c 6.8+1.2c 7.0+1.1b 41+09c  1.2#0.1b 4.9+1.0b 13+02c 6 1.7+0.4b 1.0+0.04b
S. 33.4+6.8a 125+2.1h  9.9+1.1bc 124+21a 9.2+1.7b 9.9+26ab 1.8+0.5bc 15 2.240.4ab
rhinopetala 0.9+0.2bc 1.0£0.01b
p-value 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.001* 0.000* 0.001*  0.000* 0.002*

LTL= leaftotal length (cm), LL= lamina length (cm), LWB=leaf width at base (cm), LWM= leaf width at middle (cm), LWB= leaf width attop (cm), AL=acumen length (cm),
PL= petiole length (cm), PW= petiole width (mm), NSV= number of secondary veins, SBSV= space between successive veins (cm), LWR= leaf width ratio
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Table 3. Summary of the qualitative characteristics of adaxial and abaxial epidermal layer of the four Sterculia species

Characteristics Layer S. setigera S. tragacantha S. oblonga S. rhinopetala
Stomata(P/A) Adaxial Absent Absent Absent Absent
Stomata type Adaxial Nil Nil Nil Nil
Stomata direction Adaxial Nil Nil Nil Nil
Stomata abundance Adaxial Nil Nil Nil Nil

Cell wall alignment Adaxal Anticlinal Anticlinal Anticlinal Anticlinal
Cell shape Adaxial Polygon Polygon Polygon Irregular
Cell wall type Adaxial Straight wall Straight thick wall Straight to wavy Wavy
Trichome (P/A) Adaxial Present Present Absent Absent
Trichome types Adaxial Glandular Non glandular Nil Nil
Crystal (P/A) Adaxial Absent Absent Absent Absent
Stomata(P/A) Abaxial Present Present Present Present
Stomata type Abaxial Anomocytic Paracytic Anisocytic Paracytic
Stomata orientation Abaxial multidirectional Multidirectional Multidirectional Multidirectional
Stomata abundance Abaxial Many Few Many Many
Cell wall alignment Abaxial Anticlinal Anticlinal Anticlinal Anticlinal
Cell shape Abaxial Polygon Polygon Polygon Irregular
Cell wall type Abaxial Straight wall Straight thick wall Straight to wavy Wavy
Trichome (P/A) Abaxial Present Present Absent Absent
Trichome types Abaxial Glandular Non glandular Nil Nil
Crystal (P/A) Abaxial Absent Absent Absent Absent
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Table 4. Leaf epidermal Micro-Morphometrics of Sterculiaspecies

Species ECL ECW SL SW GCwW GCA

S. setigera ap, 26.4+4.4 19.246.1 15.842.7b 9.6+1.8b 4.8+1.7b 63.7+32.0b

S.tragacantha,, 30.4+2.8 20.4+4.0 23.5+1.3a 12.2+2.7ab  3.9+1.4b 50.3+20.1b

S. oblonga ap. 29.746.0 15.3+4.9 15.3+4.0b 15.3+3.6a 10.5+2.7a  154.5+43.6a

S.rhinopetala,, — 32.4+2.4 13.9+2.4 12.9.5£2.7b  9.1+2.0b 5.7+2.4b 60.1+33.7b

p-value 0.193ns 0.125ns 0.000* 0.007* 0.001* 0.000*

S. setigera ag. 26.145.5 16.5+2.7bc - - - -

S.tragacantha,y 36.4+9.2  24.0+2.9a - - - -

S. oblonga ag. 30.4+2.8 20.4+4.0ab - - - -

S.rhinopetala,g,  27.1+4.9 13.9+2.7c - - - -

p-value 0.065ns 0.001* - - - -
ECL=epidermal cell length (um), ECW=Epidermal cell width (um), SL=Stomatal length (um), SW= Stomatal

width (um), GCW= guard cell width (um), GCA = Guard cell area (Um?), ad= Adaxial epidermal layer, ap=
Abaxial epidermal layer, *=significant at 0.05 probability level, Ns= not significant at 0.05 probability level

160 -
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Figure 1. Summary of Stomatal frequency, Stomatal index and Stomatal density on the abaxial surface of

sterculia species
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S. Oblonga (Adaxial)

S. rhinopetala (adaxial)

S. setigera (abaxial)

wn

. setigera (adaxial)

S. tragacantha (abaxial)

S. tragacantha (adaxial)

Plate 1. Photomicrographs of Sterculia species epidermal layers

Principal Component Analysis and Phylogenetic tree for Taxonomic delimitation of the genus Sterculia

Principal component analysis result (Table 5) shows that the first two principal components accounted for
approximately 85.4% of the total variation among the taxa at 7.5 eigenvalues. Variables such as leaf total length,
lamina length, lamina width at base, lamina width at the top, acumen length, petiole width, leaf width ratio, leaf
base, petiole attachment, leaf margin, leaf surface, leaf venation, flower and fruit colour were significantly loaded
at the first two principal components. Similarly, epidermal cell length epidermal cell width, stomatal abundance,
cell wall type, presence of trichome, types of trichome were also highly loaded epidermal characters at the first
two principal components.
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The four species were taxonomically differentiated into clusters based on the scatterplot and phylogenetic tree
(Figure 2 and 3). The phylogenetic tree indicates that Sterculia oblonga is the earliest evolved species, followed
by S.rhinopetala while S. tragacantha and S. setigera are the most recent Sterculia species having strong branch
support of 60% bootstrap value. The morphologic and epidermal characterization of the species indicated that the
highest similarity (29%) is between S. setigera and S. tragacantha (Table 6). Closely following this was S.
rhinopetala/S. tragacantha and S. oblonga/ S. tragacantha having about 25% and 24% similarity respectively.
The least similarity was discovered between S. oblonga and S. setigera, which had a 13.8% similarity.

Table 5. Eigen-Value, percentage variance and factor loadings of the taxonomic characters in sterculia

species

Principal components 1 2
Eigen value 44 31
Percentage variance 61.9 235
Taxonomic characters Loadings
Epidermal cell length (Abaxial) -0.23 0.06
Epidermal cell width (Abaxial) 0.20 0.22
Stomatal length (Abaxial) -0.03 0.28
Stomatal width (Abaxial) -0.17 0.15
Guard cell width (Abaxial) -0.14 -0.13
Guard cell area (Abaxial) -0.14 -0.13
Epidermal cell length (Adaxial) -0.17 0.15
Epidermal cell width (Adaxial) -0.17 0.15
Stomatal abundance (Abaxial) 0.03 0.28
Cell shape (Abaxial) 0.06 0.08
Cell wall type 0.20 0.22
Pr/Ab of Trichome 0.20 0.22
Trichome type 0.20 0.22
Leaf total length -0.09 0.20
Lamina length 0.20 0.22
Lamina width at base 0.20 0.22
Lamina width at middle 0.14 0.13
Lamina width at top -0.09 0.20
Leaf acumen length 0.09 0.20
Petiole length 0.17 -0.15
Petiole width 0.20 0.22
Number of secondary veins -0.09 0.20
Space between successive veins -0.09 0.20
Leaf width ratio 0.23 -0.06
Leaf base 0.23 -0.06
Position of petiole attachment 0.23 -0.06
Leaf acumen shape 0.17 -0.15
Leaf margin 0.23 -0.06
Leaf surface 0.23 -0.06
Leaf venation 0.23 -0.06
Tree bark type 0.17 -0.15
Flower colour -0.20 -0.22
Fruit colour 0.09 0.20
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Figure 2. Scatterplot generated from the principal components of the sterculia species
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Figure 3. Phylogenetic tree of the Sterculia species

Table 6.Jaccard’s similarity index among the sterculia species

Tree species S. setigera S.tragacantha S.oblonga S. rhinopetala
S. setigera 100.0

S.tragacantha 29.0 100.0

S. oblonga 13.8 24.0 100.0

S. rhinopetala 185 25.0 15.0 100.0
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DISCUSSION

The study has shown that taxonomy of plant depends greatly on the morphology for a natural classification of
taxa of which leaf morphometrics cannot be overemphasized in plant taxonomic and systematic studies (Viscosi
and Cardini 2011). The wide significant variation observed in the leaf morphometrics of the genus Sterculia is an
indication that the traits are informative and are of taxonomic significance in delimiting the taxa. Sterculia setigera
and Sterculia oblonga had the extreme values on the average in terms of leaf macro-morphometrics and this would
have contributed to the resulted delimitation in theirphylogeny. According to Evarte-Bundere and Evarts-Bunders
(2013), leaf morphometrics constitutes important taxonomic markers due to their easy assessment procedure.
Morphological features such as leaf total length, lamina length, lamina width at base, lamina width at the top,
acumen length, petiole width, leaf width ratio, leaf base, petiole attachment, leaf margin, leaf surface, leaf
venation, flower and fruit colour contributed to the delimitation of the four species. The flower and fruit colour
identified in this study as informative characters have been used for the separation of various taxa, especially at
the generic level (Leeuwenberg, 1994; Nwokocha et al., 2012). The implication of the absence of stomata on the
adaxial folia surface of allthe Sterculia species is that stomata are only restricted to the lower surface of the leaves,
which is referred to as hypostomatic leaves. According to Shokefun et al. (2017), absence of stomata on the
abaxial layer of leaf in plant signifies adaptation to water loss, which is usually beneficial to the ecological survival
of the perennial plants. The hypostomatic epidermis has been reported for the genus Pterygota, which shares the
same order Malvales with Sterculia (Chukwuma et al., 2017).

The unique stomata types identified in S. oblonga and S. setigera delimited them from the other taxa. The
significant variation recorded for the stomata variables on the adaxial and epidermal cell size on the abaxal
represents an important diagnostic key for identifying the taxa even when there is an absence of fruit or flower.
The irregular cell shape that is peculiar to Sterculia rhinopetala could be usefulin solving taxonomic classification
among the Sterculia species. Comparison of species within a plant genus has been successfully achieved using
trichome as a marker (Sonibare et al., 2005; Shokefun et al., 2017). In this study, the glandular type of trichome
was uniquely observed on the epidermal peels of S. setigera. All the S. species were devoid of crystals on both
epidermises. A similar finding was reported for the genus Desplatsia by Shokefun et al. (2017). Based on the
principal component analysis, the most significant epidermal characters for delimiting the genus are epidermal
cell length and width; cell wall type; stomatal abundance; the presence of trichome and types of trichome. On this
basis, the most closely related species in this genus are Sterculia setigera and Sterculia tragacantha.

CONCLUSION

This study has provided basic information on the morphological and leaf epidermal characters that could be used
for proper discrimination and identification of the Sterculia species in Nigeria. It was discovered that stomata and
epidermal cell variables are very important characters for the understanding of the taxonomy of the genus
Sterculia. The taxonomic key to the species based on the epidermal characters are presented below.

Taxonomic key to the Sterculia species based on leaf epidermal characters
la. Trichome presenton abaxial and adaxial surface

2a. Stomata is many onthe abaxial surface.................3
2b. Stomata is few onthe abaxial surface................... tragacantha
3a. Trichome is many and scattered.................Setigera

3b. Trichome is few and it is located along the veins
1b. Trichome absent on both abaxial and adaxial surface

4a. Cell shapeis polygon...........ocovvviiiiinininininninnnn. oblonga
4b. Cell shapeis irregular..............coooeveviiiiin i 5

5a. Leaf epidermal cell wall typeis straight

5b. Leaf epidermal cell wall type is wavy.........rhinopetala
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Abstract

Tree size diversity is an indicator for biodiversity values of a forest. Microsite conditions of forest determine the
survival and growth oftree. However, the contribution of variable habitats to tree size hierarchy and segregation
is poorly understood. Variation in size of trees in a population is caused by different mechanisms. Therefore, size
distribution and spatial pattern oftrees can identify the process governing the growth ofresources utilization in
the forest. The objective of the study was to determine the structural diversity of tree stems of Elephant Camp
natural forest in Omo Forest Reserve with a view to provide information on how environmental heterogeneity
influence forest structure. Three and four 0.09ha sample plotswere established in Riparian (RF) and Old -growth
forests (OF) of Elephant camp, respectively. The tree stems (Dbh>5cm) were identified to species level and
enumerated within each plot and stemdensity was computed. The diameter-at-breast height (Dbh) was measured
with diameter tape. Species diversity was assessed using Shannon-Weiner (H") and Simpson indices (1-D") while
size inequality was assessed using Gini coefficient (GC), Coefficient of Variation (CV), H and I-D". The
performance ofsingle two-and three-parameter Weibull models were evaluated; Kolmogorov-Smirnov (K-S) Chi-
Square (¥?), Root Mean Square Error (RMSE), Bias and Coefficient of determination (R?). Data were analysed
using descriptive statistics. A total of 27 and 24 tree species were identified in RF and OF, respectively. Stem
density of RF was significantly higher than OF. The value of species diversity (H", 1-D) and Evenness (E") were
higher in OF than RF while richness (Margalefand number of species) was higher in RF than OF. The Dbh were
38.30+21.4 and 42.87+19.2cm in Riparian and Old-growth forests, respectively. Diameter distributions of both
forests were positively skewed and expressed exponential pattern. The two forest types of Elephant Camp natural

forest comprise different proportion of tree sizes and structural diversities.

Keywords: Biodiversity, Natural forest, Diameter distribution, Elephant camp and Diversity.

INTRODUCTION

The structure of plant populations in the forest can be described by ages, sizes and forms of individual plants
(Shaltout et al., 2009). However, it is better to classify the plant by size because fecundity and survival of plants
are often related to plant size than age (Shaltout et al., 2009). The diameter and height indicate the stem size.
Therefore, diameter and height distributions are effective tools to describe forest structure. Diameter is easy to
measure and closely related to height (Loetsch et al., 1973) other tree attributes (Podoga et al, 2020) of forest
trees. Conversely, structural diversity of forest indicates the degree of variation of stemdiameter and height and
the spatial distribution (Pach and Podlaski, 2014). Data attributes of stem diameters provide detail information
about the stand (Podoga et al, 2020) and suggest the underlying mechanisms controlling regeneration and
mortality (Alessandrini et al., 2011). Hence, tree size diversity can be used as an indicator for biodiversity values
(Shaltout et al., 2009). However, the contribution of variable habitats to tree size and segregation is limited.
Knowledge of effect of variable habitat is critical for understanding the factors controlling forest structure. It is
require to determine tree species and size diversity of two adjacent forest areas with different water regimes.
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Therefore, the study provided information on how environmental heterogeneity influence forest structure. The
objective of the study was to investigate the structural diversity of Elephant camp natural forest with a view to
provide information on how environmental heterogeneity influence forest structure.

MATERIALS AND METHODS

The study area

The study was conducted in Elephant Forest Reserve of Omo Forest Reserve. Omo Forest Reserve is located
between Latitude 06°51'00"N and 06°91'00"N; and Longitude 04°22'48"E and 04°32'48"E at altitude 150 above
sea level (asl) in the ljebu area of Ogun State in Southwestern Nigeria (Figure 1). It is one of the remaining
protected forests in Southwestern Nigeria. Elephant Camp forest covers approximately 55,000 ha.
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FIG. 1: MAP OF ELEPHANT CAMP NATURAL FOREST OF OMO FOREST RESERVE

A preliminary survey was conducted to observe general physiognomy of the forest reserve and it was observed
that the forest was heterogenous based on its water regime. Therefore, Elephant Camp was divided into two parts
based on its water regime. A part of the forest with close proximity to the river course was referred to as Riparian
forest and the upper part which was relatively far from the river course was referred to as Old-growth forest.

Demarcation of sample plots and method of data collection

Four and three (30mx30m2) sample plots were established in the Riparian and Old-growth forests, respectively,
using a hand compass and cloth tape. The corners of each sample plots were marked with wooden peg and the
boundary with red twine. Tree stems with diameter-at-breast height (dbh>5cm) were identified to species level
and enumerated in sample plots. Flora of West Tropical African and Woody plants of western African forests
(Hutchison et al., 2014 and Hawthorne and Jongkind, 2006, respectively) will be used for the identification of
plants species composition on the field with the assistant of taxonomists and authenticated with collection of
reference samples available in the Herbarium of the Forestry Research Institute of Nigeria.

Forest structure of Riparian and Old-growth were estimated using tree species and size diversity indices and tree
diameter distribution. The species diversity indices were Shannon-Weiner and Simpson and Margalef indices
(Peet, 1975).

Shannon-Wiener species diversity index is expressed as:

H= =3 PP, oo oo e e ee e (1)

Where, Inis natural logarithm; P, is the percentage ofindividualtrees represented by species iand is estimated
by;
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Where, ni = number of individuals of the ith species and Ni = total number of individuals.

The Simpson species diversity index is expressed as:
?=1ni(ni—1)]

b=1 _[2 N(N-1)

Where, ni = number of individuals of the ith species and N=total number of individuals
The Margalef’s index of species richness (Ma) is expressed as:

Ma =S e, . (@)

Where

S = total number of species in the community
N = total number individual trees

In = natural logarithm

Stem diameter distribution

The stem diameter of trees in Riparian and Old-growth forests were categorized into size classes of 3cm dbh
width, starting from the smallest to the largest. Histogram of the dbh classes was produced and single two- and
three-parameter Weibull distributions were used for fitting size-density distributions of Riparian and Old-growth
forests. The two- and three-parameter Weibull functions are expressed as:

100 = ()2 exp (- G- )

1 = (=21 ep (- D ©6)
Where: x = tree diameter, a, b and c are the location, scale and shape parameters of the distribution, respectively.
Also, a =0 in two-parameter Weibull function.

Data analysis
Tree species diversity was calculated using Shannon-weiner and Simpson indices. The tree species richness was
computed as the number of species present and Margalef index Important value index (IV1) was calculated for
the tree species following standard method (Gilliam et al., 1995 and Houchanou et al., 2013). The degree of size
inequality of the diameter distribution of Riparian and Old-growth forests was characterized using Gini
Coefficient (GC), Coefficient of variation (CV), dissimilarity coefficient, Shannon-Weiner (H), Simpson
diversity and Margalef indices (Weiner and Solbrig, 1984). The size-density distribution of Riparian and Old-
growth forests were fitted with single two- and three-parameter Weibull models and parameter estimation of
Weibull models was performed using maximum likelihood estimate (MLE) techniques because studies have
shown that MLE is superior to other parameter estimation methods (Zhang et al., 2003). Also, the performance
of single two- and three-parameters Weibull models were evaluated using Goodness-of-fit tests such as
Kolmogorov-Smirnov (K-S), Anderson-Darling (A-D), Root Mean Square Error (RMSE), Bias and Coefficient
of determination (R?). The Gini coefficient (G) is expressed as:

G =X X0y — xl/2an? i (D)
Where = 1,....., nand j=1,....., nand yi, xj are the sizes of ith and jth plant, respectively.
G ranges from O (all individuals equal) to a theoretical maximum of 1.

RESULTS

Tree species diversity attributes of Riparian and Old-growth forests

A total of 27 and 24 tree species were identified in the Riparian and Old-growth forests, respectively (Table 1).
Milicia excelsa had the highest important value index (41.0%), followed by Terminali superba (27.0%), Cordia
millenii (26.0%).in the Riparian Forest. Also, Irvigia garbonensis had the highest important value index (36.0%),
followed by Khaya ivorensis (30.0%), Baphia nitida (23.0%) in the Old-growth forest. Therefore, these six tree
species were ecologically important and most widely distributed tree species in Elephant Camp of Omo Forest

Reserve. Milicia excelsa, Terminali superba and Khaya ivorensis are pioneer and belong to the upper canopy
while Cordia millenii belong to the lower canopy (Table 1).
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Table 1. Tree Species Distribution in Riaparian and Old-Growth Forests

Riparian Forest Old-growth Forest

Species Stems/ha VI Species Stems/ha VI
Funtumiaelastica 30 197  Cynnometramegalophylla 4.0 124
Baphia nitida 3.0 2.00 Entandrophragma utile 4.0 2.80
Ficus thonningii 3.0 2.04  Antiarisafricana 4.0 3.22
Detarium macrocarpum 3.0 217 Musanga cecropioides 4.0 3.37
Celtisintegrifolia 3.0 2.63 Hunteria umbellata 7.0 5.87
Macaranga barteri 3.0 2.63  Dracaena fragrans 7.0 6.59
Musanga cacropioides 3.0 2.76 Uapaca guinensis 7.0 7.74
Hunteria umbellata 6.0 3.36  Albiziaglaberima 7.0 8.22
Pterigota macrocarpa 5.0 3.46 Pterigota macrocarpa 11.0 8.31
Okoubaka aubrevillei 6.0 3.59 Ceibapetandra 7.0 8.76
Ficus exaspirata 6.0 4.75 Milicia excelsa 7.0 9.40
Naucleadiderrichii 6.0 5.01 Ficus exasprata 15.0 9.76
Stylochiton hypogaeus 8.0 5.08 Strombosia pustulata 11.0 10.52
Khayaivorensis 6.0 5.16 Nauclea diderrichii 11.0 10.72
Pycnanthusangolensis  11.0 6.98 Cordia Millenii 11.0 11.66
Entandrophragmautile  11.0 7.14 Funtumiaelastica 15.0 11.85
Antiaris africa 8.0 7.42 Sidaacuta 15.0 12.09
Sidaacuta 11.0 831  Alstoniaboonei 11.0 16.34
Pausinystalia johimbe 17.0 1295 Terminalia superba 15.0 17.04
Ceibapetandra 17.0 20.71  Ficusthonningii 19.0 20.43
Ficu capensis 25.0 21.67  Gossypium arboreu 19.0 20.94
Irvingia gabonensis 28.0 22.03 Baphianitida 29.0 20.35
Albizia glaberima 28.0 25.03 Khayaivorensis 26.0 30.19
Dracaena fragrans 33.0 2519 Irvingiagarbonesis 37.0 36.73
Cordiamillenii 28.0 26.93

Terminalia superba 33.0 27.86

Milicia excelsa 28.0 41.07

Important value index; IVI

Riparian Forest contained more tree stems per ha (338.89+£9.80 stems/ha) compared to Old-growth forests
(296.304£8.92 stems/ha). The values of Shannon-Weiner and Simpson indices were higher in Old-growth forest
than Riparian Forest (Table 2). However, values of Evennes and Equitability indices of tree species were higher
in Riparian Forest than Old-growth Forest (Table 2). A comparison of Riparian and Old-growth forests at
species level using Sorensen similarity index showed high (74.50%) similarity with 9 tree species shared by two
forests.

Table 2.indices of tree species diversity in Riparian and Old-growth forest of Elephant camp

Diwersity indices Riparian forest Oldgrowth forest
Tree species richness 27 24
Shannon-weiner 2.963 298
Simpson 0.937 0.939
Margalef 5.412 5.249
Evennes (H/S) 0.717 0.82
Equitability 0.899 0.937
Sorensen similarity index 75.0%
Stem density (stem/ha) 338.89+9.80 296.30+8.92

Diameter Distribution of the Tree Stems

The mean diameter of Old-growth forest (42.87£18.90cm dbh) was significantly higher than Riparian forest
(38.30£21.35cm dbh) (Table 2). The size-density distribution of Old-growth forest ranged from 9.65 to 90.63cm
dbh while Riparian forest had extended distribution ranged from 6.43 to 104.96 cmdbh. The diameter distribution
of Riparian and Old-growth forests are positively skewed. The values of skewness and kurtosis of Riparian forest

(skewness=0.90, kurtosis= 0.65) were higher than Old-growth forest (skewness= 0.49, kurtosis= 0.53),
respectively. However, both had the highest peak in size class 27.9-30.0cm dbh.
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Table 3. Descriptiwve statistics of stem diameter of Riparian and Old-growth forests of Elephant Camp forest

Forest N/ha  MeanzStd (cm)  Minimum (cm) Maximum (cm)  Skewness Kurtosis
Riparian 3380 38.30+21.35 6.42 104.96 0.895 0.646
Old-growth  296.0  42.87+18.90 9.65 90.63 0.485 0.527

Standard deviation (Std), Stand density (N/ha)

Gini-coefficient (GC) and Coefficient of Variation (CV) and dissimilarity coefficient (DC) measure plant size
inequality in a population (Weiner and Solbrig, 1984). The Coefficient of variation (CV) and Dissimilarity
Coefficient of Riparian forest was relatively higher compared to Old-growth forest and dissimilarity coefficient
follow the same pattern (Table 4). However, the value of Gini coefficient of diameter distribution of Old-growth
forest (0.91) was higher compared to Riparian forest (0.82) (Table 4). The values of size diversity (Shannon-
Weiner; H", Simpson; 1-D and Evenness; E’) were higher in Riparian forest compared to Old-growth forest while
richness (Margalef and tree richness) was higher in Riparian forest than Old-growth forest (Table 4).

Table 4. Indices of diameter diversity in Riaprian and Old-growth forest of Elephant camp

Diversity indices Riparian forest Old-growth forest
Shannon-Weiner (H") 3.038 3.007
Simpson (!-D) 0.942 0.940
Margalef index 5.204 5.705
Evennes (e"H’/S) 0.802 0.778
Equitability_J 0.932 0.923
Gini-coefficient 0.825 0.915
Coefficient of Variation (CV)  0.557 0.44
Dissimilarity Coefficient 0.557 0.466

The values of Kolmogorov-Smirnov (K-S) and Anderson-Darling (A-D) test criteria for goodness of fit showed
no significant difference between single three-parameter Weibull function and size-density distribution of
Riparian and Old-growth forests. Therefore. single three-parameter Weibull distribution provided a good
approximation than single two-parameter Weibull distribution, for the diameter distribution of Riparian and Old-
growth forests. Also, the values of model selection criteria (Root mean square error (RMSE), Bias and Coefficient
of determination (R?)) of single three-parameter Weibuill model that fit size-density distribution of Old-growth
forest is much less than the Riparian forest. Three-parameter Weibull model provided better approximation to
diameter distribution of Old-growth forest than Riparian forest. Therefore, data properties and forest type affected
the fit of diameter distribution. The two size-density distributions were not significantly different from single
three-parameter Weibull distribution as shown by Kolmogorov-Smirnov (K-S), Anderson-Darling (A-D), Root
Mean Square Error (RMSE), Bias and Coefficient of determination (R?) test (Table 5).

Table 5. Statistics of diameter distributions of Riparian and Old-growth forests of Elephant Camp forest

Forest Distributions A ] Y K-S AD RMSE Bias R?
Riparian 2-p Weibull - 2037 42434 009 0991 2474 1610 0.5064
3-p Weibull 5508 1565 36.472 0.073 0463 2359 1551 0.4603
Old-growth 2-p Weibull - 2324 47777 0.089 0.615 1936 1414 0.6651

3-p Weibull 7452 1831 39.813 0075 0511 1910 1386 0.6474
Kolmogorov-Smirnov (K-S), Anderson-Darling (A-D), Root Mean Square Error (RMSE) and Coefficient of
determination (R?)
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DISCUSSION

Tree species diversity and richness
A total of forty two (42) tree species was identified in Riparian forest (27 tree species) and Old-growth forest (24
tree species) of Elephant camp natural forest. However, both forests had nine (9) tree species in common. The
present study showed that Riparian forest contained more tree species than Old -growth forest and also, Riparian
forest had higher values of tree species diversity indices than Old-growth. Most diversity indices combine
measurement of eveness and richness. Therefore, tree species in Old-growth forest had almost equal proportion
of stems than Riparian forest. The availability of water in most times of the year probably created conducive
micro-sites for growth and survival of most tree species in Riparian forest while induced disturbance in Old -
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growth forest probably created enormous space for growth of individual stems (Sharma et al., 2020). Similarity
index was used to measure similarity of tree species in the two forests. Applying the benchmark threshold of
Bradley and Crow (2010), the two forests can be considered to be of the same vegetation type due to high degree
of similarity (>50%) by Sorensen index. However, both forests have nine tree species in common. Out of forty -
two (42) tree species identified in Elephant camp natural forest of Omo Forest reserve, Milicia excelsa, Terminali
superba,Khaya ivorensis,Cordia millenii, Irvigia garbonensis and Baphia nitida are widely distributed and
ecologically important for biodiversity conservation while the infrequent and sparse species require proper
protection and regeneration

Size-density distribution of the Hlephant camp natural forest

The mean tree density of Riparian forest was significantly higher than Old -growth forest. Gini coefficient (GC)
and Coefficient of variation (CV) can be used to measure tree size diversity (Wiener and Solbrig, 1984). High
value of Gini coefficient (GC) in Old-growth forest indicated a higher structural diversity and stability in Old-
growth forest. The result showed that Riparian forest and Old-growth forest exhibited stem size inequality and
structural diversity and stability, respectively. Therefore, stem size diversity may not indicate structural diversity
and stability. Structuraldiversity and stability indicates capacity to endure difficult environmental and biologically
stressful conditions (Chivulescu et al., 2020). The CV increases with increase in stem density (Liu and Burkhart,
1993). Conversely, the presence of large stems was a distinctive feature that was noticeable lacking in Old -growth
forest. This implied that Old-growth forest had experience exogenous or endogenous disturbances. Tree size
diversity is an indicator for biodiversity values of a forest. The mean stem diameter of Old-growth forest
(42.87£18.90cm) was significantly higher than Riparian forest (38.30+21.35cm). Therefore, high mean diameter
of Old-growth forest resulted from few mid-size stems (38<dbh<81cm) because Riparian forest had extended
diameter distribution with few largest trees. The size-density distribution of two forest types expressed irregular
exponential distribution. The shape of the two diameter distributions is not different fromeach other as shown by
Goodness-of-fit tests but with different value of skewness and kurtosis. This is probably because both forest types
experienced the same environmental conditions except different water regime. However, Toledo (2012) stated
that similar size-density distribution could be shaped by different mechanisms. Therefore, size-density distribution
of trees of two forests was hypothetical similar but may be shaped by different processes. The Riparian forest
expressed extended irregular exponential distribution to <104.96cmdbh with high density of small size trees (5.0-
39cm dbh) while size-density distribution of Old-growth forest is truncated at <90.63cm dbh with high density of
mid-size trees (39<dbh< 60cm dbh). The result of high value of skewness and kurtosis of size distribution in
Riparian forest may be caused by high density of small size trees (5.0-40cmdbh). Therefore, Riparian forest had
sufficient density of small size trees (5.0-40cm dbh) to replace the mid-size trees while Old-growth forest has
sufficient mid-size trees (39<dbh< 60cm dbh) to replace the adult trees. Therefore, Elephant camp natural forest
is showing good growth and adequate self-replacement of adult tree species. High stem density of mid-size trees
(39<dbh< 60cm dbh) may cause low density of small size trees (5.0-40cmdbh) in Old-growth forest because high
tree diversity decreased light interception through structural complexity of the canopy (Rissanen et al. 2019).

The best result ofapproximation for positively skewed exponential distribution of Riparian and Old-growth forests
was obtained with the single three-parameter Weibull distribution base on the result of goodness-of-fit tests
(Kolmogorov-Smirnov (K-S), Anderson-Darling (A-D), Root Mean Square Error (RMSE), Bias and Coefficient
of determination (R2). Moreover, single three-parameter Weibull model provide better approximation to diameter
distribution of Old-growth forest compared to Riparian forest. Therefore, data properties and forest type affected
the fit of diameter distribution. BExponential pattern is expected when individual mortality and growth are
independent of tree size (Muller-Landau et al., 2006). It showed that tree growth and mortality are related to
randomevents in both forest types. Riparian forest contained high density of small-size stems (6.0<dbh<39.0cm)
while Old-growth forest contained high density of mid-size stems (39.0<dbh<60.0cm). Therefore, Riparian forest
represented reproductive success and survival of the tree stems while Old-growth forest represented rapidly
growing population with high reproductive capacity

CONCLUSION

Riparian forest and Old-growth forest exhibited stem size inequality and structural diversity and stability,
respectively. Therefore, stem size diversity may not indicate structural diversity and stability. Size-density
distribution of trees of two forests was hypothetical similar but may be shaped by different processes. Riparian
forest had sufficient density of small size trees to replace the mid-size trees while Old-growth forest has sufficient
mid-size trees to replace the adult trees. Riparian forest represented reproductive success and survival of the tree
stems while Old-growth forest represented rapidly growing population with high reproductive capacity. The
Elephant Camp natural forest is showing good growth and adequate self-replacement of adult tree species. Data
properties and forest type affected the fit of diameter distribution. The protection of the study area is required for
conservation of its plant resources and biodiversity components.
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Abstract
Dead organic matter (DOM) which consist of dead wood and litter represent two of the major carbon pools

considered for forest carbon stock accounting. However, information on carbon contents ofdead wood and litter
is very scanty because most studies have focused on live biomass pools. The study therefore assessed dead organic
matter carbon contents ofa lowland rainforest in Nigeria, Okomu National Park. The main objective ofthe study
was to estimate biomass and carbon contents in dead wood including both Standing dead tree (SDT) and lying
dead wood (LDW) as well as litter at the study site. To achieve this, fourteen temporary sample plots size of50m
X50 mwere laid using line transect method. All dead standing treesand lying dead wood were enumerated within
the plots and aquadrant of 1 mX 1 mdimension was used to collect litter samples fromeach plot. Wood samples
were collected from all dead tree enumerated while sub-samples were also collected for litter. The sampleswere
dried in the laboratory and further analysis was carried out. The average biomass estimated for SDT was174.41
kg/ha while that of LDWwas 101.07 kg/ ha. Estimated carbon stock for dead wood was 6.05+1.56 tons/ha out of
which SDT constituted 2.92+ 0.65 tons/ha while lying dead wood accounted for 3.13+1.16 tons/ha. Litter was
estimated to be 4.02+0.0001 tons/ha. The carbon contentin dead organic mass ofthe study area wassignificant.
It is therefore recommended that more studies on dead organic matter of Nigerian forests should be carried to

provide the much needed information on these carbon pools.

Keywords: Carbon Stock, standing dead wood, lying dead wood, litter, national park

INTRODUCTION

Dead organic matter (DOM)is a termused to refer to the combination of dead wood and forest litter (Ravindranath
and Ostwald, 2008). Dead wood are standing and fallen dead trees and shrubs which includes all non -living woody
biomass not contained in the litter, either standing, lying on the ground, or in the soil (Cienciala et al, 2010;
Genene et al., 2013; Assaye, 2015; Tadesse, 2015). According to Genene et al., (2013), dead wood with diameters
greater or equal to 10cm are generally referred to as Coarse Woody Debris (CWD). Litter on the other hand
includes all non-living biomass with a size greater than the limit for soil organic matter (suggested 2 mm) and less
than the minimum diameter chosen for deadwood (e.g. 10 cm), in various states of decomposition above or within
the mineral or organic soil (Tadesse, 2015). Studies on dead organic matter has received attention in recent times
because of the growing knowledge on its importance and contribution to ecological processes (Thomas 2002;
Krishna and Mohan, 2017). For example, dead trees, lying dead wood and litter play important role in forest
ecosystems by aiding nutrient cycling and soil fertility process, plant regeneration, erosion control, wildlife habitat
provision, maintenance of biodiversity, etc (Paletto et al., 2012; Wuerthner, 2018; Ewa et al., 2019). In addition,
it also play a major role in climate change amelioration because it has been established that it constitute two of
the major carbon pools. A carbon poolis a systemthat is capable of accumulating and releasing carbon, and the
mass of carbon stored in a pool is referred to as carbon stock (FAO, 2003). According to IPCC (2006), the main
carbon pools in tropical forest ecosystems are the living biomass of understorey vegetation and trees, the dead
mass of litter, dead wood and soil organic matter. However, in spite of its recognition as major carbon pools in
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forest ecosystems, studies on dead wood and litter are still scarce (Mergani¢ova and Mergani¢ 2010; Pfeifer etal.,
2015) and this is especially true in Nigeria. This study therefore focused on assessing the carbon content of dead
wood and litter of Okomu National Park, a low land rainforest in Nigeria.

MATERIALS AND METHOD

Study Area

The study area was Okomu National Park located in Ovia South-West Local Government, Edo State, Nigeria. The
site had a total size of 202.24 km? (Nigeria Park Service 2016). Okomu National Park lies between longitude

5.187 °E and 5.431 °E and latitude 6.278 °N and 6.435 °N as shown in Figure 1. The park constitutes four different
ranges namely; Igowan range, Arakhuan range, Julius creek range and Babui creek range (ljeomah et al., 2015).
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Figure 1: Boundary Map of Okomu National Park

Sampling Procedure

Line transect method was used in mapping out the temporary sample plots. Plots were laid alternately with 50 m
interval between alternate plots after a distance of 50 m was measured along the transect to avoid edge effect.
Nested plot design was used in laying sample plots for collection of data on dead wood and litter. Fourteen (14)
temporary sample plot sizes of 50 m X 50 mwere laid for enumeration of all dead wood in the plot (both standing
and lying) while quadrants of size 1 m X 1 m were used for litter sample collection in each plot.

Standing Dead Trees (SDT)

Dead standing trees within the 50 m X 50 m plots were identified and classified into three categories as
recommended by Genene et al., (2013). The classification was based on the presence or absence of branches,
twigs and leaves. They were:

i. Category 1: with big branches, twigs but no leaves;
ii. Category 2: with big branches but no twigs and leaves; and
iii. Category 3: with only boles, no branches, twigs nor leaves.
Tree variables that were measured were Diameter at Breast Height (dbh), diameter at base (db), diameter at middle
(dm), diameter at top (dt), and height (h) of the trees. Samples were also collected from the bole of each of the
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trees. The volume of the wet/fresh samples were measured using water displacement method and this was carried
out on the field, they were then kept in polythene bags and labelled appropriately for onward drying in the
laboratory.

Downed/Lying Dead Wood (LDW)
All lying dead wood within the 50 m X 50 m temporary sample plots were enumerated. Using the machete test,
they were classified into three classes (based on their healthiness) namely:

i. Class 1-Sound: when wood was hit by a machete, the wood repelled it
ii.. Class 2-Intermediate: when wood was hit by machete, the machete entered slightly
iii. Class 3-Rotten: wood crumbled into pieces when hit by a machete
Variables measured on them included diameter at the base (db), diameter at the top (dt) and length of the log.
Samples were also collected from the logs and their fresh/wet volumes were measured using water displacement
method. The samples were kept in polythene bags for moisture preservation and labelled appropriately for oven-
drying at the laboratory.

Litter
All litter within the 1 m X 1 msub-plots, which were marked out using a quadrant, was collected and weighed on
field using the electronic weighing balance. Sub-samples were then collected, weighed, placed in a polythene

bags, labelled appropriately and taken to the laboratory for oven-drying. The sub-samples were dried at a constant
temperature of 105 °C until constant weight was attained.

Data Analyses

Biomass of Dead Standing Trees and Carbon Estimation
The carbon contents in the dead standing trees were computed based on the different categories stated earlier.

Categories 1 and 2 Estimation

The volume was computed using Equation 1 while density was estimated using Equation 2.

V= %h (A2 +4d2, +d?) oo Equation 1

Where Vis Volume (m3), h is height (m), dy is Diameter at the base (m), dmis Diameter at the middle (m), d is
Diameter at the top (m), and = is 3.142.

The volume of individual trees were summed up to obtain volume per plot. The mean volume per plot was used
to compute volume per hectare by multiplying it with the number of sample plots in a hectare (i.e. four for 50 m
X 50 m plots).

D =

S

.......................................................................... Equation 2

Where D is Density of Wood (g/cm?), M is Mass of the dry sample that was obtained from the tree (g), and V is
Volume of wet sample (cmd).

The resulting values were then expressed in kg/m3- The biomass was computed using Equation 3, after which 3 %
of the total biomass obtain was subtracted from the resulting values to correct for absence of leaves. The

discounted biomass value was then divided by 2 to obtain the carbon content in kg which was divided by 1000to
obtain the value in tonnes (tons).

B =V XD X BEF e e e e Equation 3

Where B is Biomass (kg), V is Stem Wood Volume (m3), D is Wood Density (kg/m3) and BEF is Biomass
Bxpansion Factor (2.292). The mean BEF value of 2.292 was used for this study as prescribed by Nigeria R-PP
(2013) for lowland Rainforest National Parks.

Category 3 Estimation

The density of the tree was calculated using Equation 2 and the volume of the bole was calculated using Smalian’s
Formula given in Equation 4.

di+a?
8

V =mh veeeeneeeen. Bquation 4

Where V is Volume of bole (m?), h is height (m), dv is Diameter at the base (m) and dt is Diameter at the top (m)
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The biomass was then estimated using Equation 5.
Biomass(kg) = Density (kg/m®) x Volume (m3)...................... Equation 5

Half of the resulting value gave the carbon content for each tree. This was then divided by 1000 to obtain the
carbon value equivalent in tonnes.

The mean plot values (for all the categories) were multiplied by four to obtain the carbon in tonnes per hectare.

Carbon Estimation of Downed/Lying Dead Wood

The volume of the log was estimated using Equation 4 while the density was computed using Equation 2. The
biomass was then calculated using Equation 5. Half of the resulting value gave the carbon content for the tree
which was divided by 1000 to give the tonnes equivalent of the carbon.

Carbon Estimation of Litter
The dry mass of the litter sample was estimated from the dry to wet ratio of the sub-sample using Equation 6.

sub—sample dry mass (kg)

Dry Mass of sample (kg) = X Fresh Mass of sample (kg) ......... Equation 6

sub—sample wet mass (kg)

The result obtained was divided by 2to obtain the amount of carbon in the litter, this was then expressed in tonnes
per plot by dividing it by 1000. The resulting value was multiplied by 10,000 (the number of 1m X 1min a hectare)
to obtain the amount in tonnes per hectare.

RESULTS AND DISCUSSION

Out of the fourteen (14) temporary sample plots laid, Standing Dead Tree (SDT) were encountered in twelve (12)
while Lying Dead Wood (LDW) were seen in thirteen (13). For standing dead trees, four trees were enumerated
for class one, while class two and class three had seven and twenty-two trees respectively. Lying dead wood had
more logs in class two (32) than class one and three which had 15 and 14 logs respectively. The presence of dead
wood (whether standing or lying) is an important indicator of forest’s health as it helps to provide the habitat and
structure needed to maintain and sustain biodiversity (Bujoczek et al. 2018; Parisi et al. 2018; Monaco et al.
2020). Standing dead tree had a wide dbh range, it ranged from 7.5 cmto 115.2 cm. The highest average height
(16m) was recorded for trees in plot 12 while the lowest was recorded in plot 5 (2.45m). The overall average
height for the plots was 12 m. The lowest volume per plot (0.01 m?) was estimated for plot 5while plot 8 had the
highest volume per plot which was 10.50 m3: Plot five also had the lowest basal area of 0.01 m? while the highest
value was 0.59 m? estimated for plot 4. The average basal area per hectare estimated for the entire plot was 0.04
m2. Biomass estimated for standing dead tree ranged from 1.80 kg to 3088.43 kg. Overall, the mean dbh was 33.93
cmwith an average volume of 0.49m3/hawhile the average biomass was estimated to be 174.41 kg/ha as shown
in Table 1. The average and total carbon per hectare estimated for SDT was 0.088 tons/ha and 2.92 tons/ha
respectively while the estimated value for the entire stand was 59047.37 tons.

A total of 62 LDW was encountered in the sampled plots. The highest number (12) was encountered in plot 1,
while least numbers were encountered in plots 11, 12 and 14. None was found in plot 10. Biomass estimated for
LDW ranged from 1.87kg to 5404.42 kg, giving an average biomass of 101.07 kg/ ha for the entire sample plots.
The average carbon estimated was 0.05 tons, while the total carbon for LDW was estimated to be 3.13 tons/ha.
The value of carbon in LDW for the entire stand was estimated to be 63367.54 tons. Overall, dead wood had
6.05+1.56 tons/ha out of which SDT constituted 2.92+0.65 tons/ha while LDW was 3.13%1.16 tons/ha as shown
in Table 1 and Table 2. The values obtained for SDT and LDW fell within the range of values, that is, 6.6 tons/ha,
8.3tons/ha and 9.0 tons/ha, reported by Sierra et al. (2007), Ngo et al. (2013) and L et al. (2010) respectively. It
was higher than the 1.2 tons/ha reported by Glenday (2006) for a tropical forest in Kenya but lower than
13.97tons/ha recorded by Berta et al. (2015). This indicates that the carbon content of dead wood in the study area
compare favourably with those from other similar site.
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Table 1: Biomass and Carbon Stock of Enumerated Standing Dead Tree

Plot No Freq Awg Ht AV MBA Aw B Aw C Ay C Ay C Total C Total C
I\zl(?n?)h (m) (m?) (m?) ko) (kg) (tons) (tons/ha) (tons) (tons/ha)
1 2 44.55 12.70 131 0.16 510.06 258.07 0.258 1.032 0.52 2.06
2 4 34.15 10.45 1.08 0.11 922.29 467.65 0.468 1.871 1.87 7.48
3 7 47.50 17.45 2.39 0.21 440.59 222.70 0.223 0.891 1.56 6.24
4 2 78.30 18.65 4.03 0.59 3088.43 1591.97 1.592 6.368 3.18 12.74
5 2 8.20 245 0.01 0.01 1.80 0.91 0.001 0.004 0.00181 0.01
6 - - - - - - - - - - -
7 3 16.70 20.23 0.42 0.02 120.52 60.26 0.060 0.241 0.18078 0.72
8 2 68.90 19.15 10.50 0.50 2579.76 1289.88 1.290 5.160 257976 10.32
9 3 22.07 10.63 0.32 0.04 62.17 31.90 0.032 0.128 0.10 0.38
10 - - - - - - - - - - -
11 1 18.46 6.00 0.10 0.03 17.80 8.90 0.009 0.036 0.01 0.04
12 2 16.23 16.00 0.21 0.02 78.25 39.12 0.039 0.156 0.078247 0.31
13 1 16.50 2.50 0.03 0.02 6.04 3.02 0.003 0.012 0.00 0.01
14 4 16.70 8.93 0.13 0.02 70.53 35.26 0.035 0.141 0.141055 0.56
Per ha 9 0.49 0.04 174.41 88.47 0.088 0.088 2.92 292
Total for stand 59047.37
C1 (95%) 0.65

Freq=Frequency, MDBH=Mean Diameter at Breast Height, Avg Ht=Average Height, AV=Average Volume, MBA=Mean Basal Area, Avg B= Average Biomass, Avg
C=Average Carbon, Total C=Total Carbon
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Table 2: Biomass and carbon of enumerated downed/ lying dead wood

Plot No Freq Aw B Ay C Ay C Aw C Total C Total C
ko) (kg) (tons) (tons/ha) (tons) (tons/ha)
1 12 209.81 104.90 0.105 0.42 1.26 5.04
2 3 282.25 141.12 0.141 0.56 0.42 1.69
3 2 223.37 111.68 0.112 0.45 0.22 0.89
4 3 5404.42 2702.21 2.702 10.81 8.11 32.43
5 10 5.13 2.56 0.003 0.01 0.03 0.10
6 10 13.33 6.67 0.007 0.03 0.07 0.27
7 2 15.84 7.92 0.008 0.03 0.02 0.06
8 3 129.43 64.71 0.065 0.26 0.19 0.78
9 10 1.87 0.94 0.001 0.00 0.01 0.04
10 - - - - - - 0.00
1 1 94.89 47.45 0.047 0.19 0.05 0.19
12 1 220.70 110.35 0.110 0.44 0.11 0.44
13 4 11.28 5.64 0.006 0.02 0.02 0.09
14 1 924.56 462.28 0.462 1.85 0.46 1.85
Total 62 353.76 176.88 0.177 071 10.97 43.87
Per ha 17.71 101.07 50.54 0.05 0.05 3.13 3.13
Total for 63367.54
Stand
C1(95%) 1.16

Freq=Frequency, Avg B= Average Biomass, Avg C=Average Carbon, Total C=Total Carbon

Litter Carbon

The value of biomass estimated for litter ranged between 0.26 kg and 1.39 kg, with plots 7 and 10 having the least
while plot 4 had the highest as shown in Table 3. The average biomass per plot was 11.24 kg, while the average
biomass per hectare was estimated to be 8032.06 kg. Estimated carbon also followed the trend with an average per
hectare value of 4016. 03 kg. The average value of carbon expressed in tonnes per hectare was 4.02, accumulating to
a total of 56.22 tons/ha and 81220.19 tons for the entire stand. Litter forms an integral part of the forest ecosystem
because of its role in carbon and nutrient cycling, as well as protection of soil and habitat provision for some species
of animals and microorganisms (Giweta, 2020). The estimated value of carbon content of litter (4.02+ 0.0001 tons/ha)
obtained for this study was higher than the value (1.4 tons/ha) reported by L et al. (2010) and those (1.8 tons/ha, 2.0
tons/ha) reported by Sebastian et al., (2015). It was however lower than the 5.4tons/ha estimated by Glenday (2006)
and 8.87 tons/ha reported by Berta et al. (2015). This difference might be due to some factors that affect litterfall
production which in turn affects its carbon content. Some of these factors include difference in tree species
composition and vegetation type (age, species and density); climatic condition ofthe study area; and the season ofthe
year when the samples were collected (Lopes, et al. 2015; Paudel, et al. 2015; Krishna and Mohan 2017; Ifo, et al.
2018).
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Table 3: Biomass and carbon of litter

Dry Biomass Carbon Carbon
Plot No (kg) (kg) (tons) Carbon (tons/ha)
1 0.48 0.24 0.0002 239
2 1.01 051 0.0005 5.06
3 0.85 0.42 0.0004 4.24
4 1.39 0.70 0.0007 6.97
5 1.02 051 0.0005 5.08
6 1.24 0.62 0.0006 6.19
7 0.26 0.13 0.0001 132
8 0.77 0.39 0.0004 3.86
9 1.04 0.52 0.0005 519
10 0.26 0.13 0.0001 132
11 1.03 0.51 0.0005 515
12 0.58 0.29 0.0003 292
13 0.72 0.36 0.0004 3.60
14 0.59 0.30 0.0003 295
Total 11.24 5.62 0.0056 56.22
Per ha 8032.06 4016.03 4.02 4.02
Total for 81220.19
Stand
C1(95%) 0.0001
CONCLUSION

The study provided information on dead wood and litter biomass and carbon content of Okomu National Park. The
total Carbon estimated for Dead Organic Matter (DOM) for the study area was 203,635.10 tons out of which dead
wood and litter accounted for 122,414.91 tons and 81,220.19 tons respectively. The park, though small in size, has the
capacity to be a major carbon sink in Nigeria which can compare favourably with similar tropical forest, as shown
from the results obtained from the two carbon pools considered. Therefore, good conservation effort should be
sustained and improved upon, and management objective should be extended to incorporate carbon management.

RECOMMENDATION

Studies on carbon content on dead wood and litter are scarce in Nigeria as observed during literature review in the
course of this study. It is therefore recommended that more in depth study should be carried out for Nigerian forests
by exploring these important carbon pools. This will help position Nigeria to benefit from carbon funding suchas is
available under REDD+ (Reducing Emissions from Deforestation and Forest Degradation, and foster conservation,
sustainable management of forests, and enhancement of forest carbon stocks) programme.

119



REFERENCES

Assaye, H. (2015). Determination of Conservation Benefits and Carbon Sequestration Potential of the Simien
Mountains National Park, Ethiopia. Population, Health and Environment Ethiopia Consortium (PHEEC).

Berta, A., Soromessa, T., and Belliethathan, S. (2015). Carbon Stock of Gambella National Park: Implication for
Climate Change Mitigation. Advances in Life Science and Technology, 41-55.

Bujoczek, L., Szewczyk, J., and Bujoczek, M. (2018). Deadwood volume in strictly protected, natural, and primeval
forests in Poland. European Journal of Forest Research, 137, 401-418. doi:doi.org/10.1007/s10342-018-
1124-1

Cienciala, E., Seufert, G, Blujdea, V., Grassi, G, and Bxnerova, Z. (2010). Harmonized Methods for Assessing
Carbon Sequestration in European Forests. Luxemburg: Publications Office of the European Union.

Ewa, B., Jarostaw, L., and Wojciech, P. (2019). Carbon and nitrogen stock in deadwood biomass in natural temperate
forest along a soil moisture gradient. Plant Biosystems - An International Journal Dealing with all Aspects
of Plant Biology, 1-9. d0i:10.1080/11263504.2019.1587538

Food and Agriculture Organization (FAO). (2003). Instruments Related to the United Nations Framework Convention
on Climate Change and their Potential for Sustainable Forest Management in Africa. Rome: Forest Products
Division, FAO.

Genene, A., Tefera, M., Zerihun, G,, and Solomon, Z. (2013). Training Manual on Forest Carbon Pools and Carbon
Stock Assessment in the Context of SFM and REDD+. Wondo Genet, Ethopia: Hawassa University Wondo
Genet College of Forestry and Natural Resources.

Giweta, M. (2020). Role of litter production and its decomposition, and factors affecting theprocesses in a tropical
forest ecosystem: a review. Journal of Ecology and Environment (2020) 44:11, 44(11), 1-9.
doi:/doi.org/10.1186/s41610-020-0151-2

Glenday, J. (2006). Carbon storage and emissions offset potential in an East African tropical rainforest. Forest Ecology
and Management, 235, 72-83.

Ifo, S. A., Malonga, M. U., Milandou, J., Madingou, M. P., Mavoungou, N., Stevanche, N., and Binsangou, S. (2018).
Litter fall, standing litter and leaves decomposition within urban tropical forest of zoological park of
brazzaville, Republic of the Congo. Research Journal of Botany, 13, 1-10.

ljeomah, H., Nwanegbo, O., and Umokoro, O. (2015). Assessment of Tourist Attractions in Okomu National Park and
Oguta Lake Eco-destinations of Nigeria. Production Agriculture and Technology, 11(2), 219-239.

IPCC. (2006). Chapter 4: Forest Land. In Inventories, 2006 IPCC Guidelines for National Greenhouse Gas, Volume
4: Agriculture, Forestry and Other Land Use (pp. 4.81-4.83).

Krishna, M., and Mohan, M. (2017). Litter decomposition in forest ecosystems: a review. Energy Ecology
Environment, 2(4), 236-249.

Krishna, M., and Mohan, M. (2017). Litter decomposition in forest ecosystems: A review. Energy, Ecology and
Environment, 2, 236-249. Retrieved from https://doi.org/10.1007/s40974-017-0064-9

Lopes, M., Araljo, V., and Vasconcellos, A. (2015, September 25). The effects of rainfall and vegetation on litterfall
production in the semiarid region of northeastern Brazil. Brazilian Journal of Biology, 75(3), 703-708.
Retrieved May 5, 2020, from https://doi.org/10.1590/1519-6984.21613

L0, X.-T., Yin, J.-X,, Martin R., J., and Tang, J.-W. (2010). Ecosystem carbon storage and partitioning in a tropical
seasonal forest in Southwestern China. Forest Ecology and Management, 260, 1798-1803.

Merganicova, K., and Merganic, J. (2010). Coarse woody debris carbon stocks in natural spruce forests of Babia hora.
Journal of Forest Science, 56(9), 397—405.

Monaco, A., Luziatelli, G., Latterini, F., Tavankar, F., and Picchio, R. (2020). Structure and Dynamics of Deadwood
in Pine and Oak Stands and their Role in CO2 Sequestration in Lowland Forests of Central Italy. Forests, 11,
253. doi:10.3390/f11030253

Ngo, K., Turner, B., Muller-Landau, H., Davies, S., Larjavaara, M., Hassan , N., and Lum, S. (2013). Carbon stocks
in primary and secondary tropical forests in Singapore. Forest Ecology and Management, 298, 81-89.

Nigeria Park Service. (2016). National Parks Overview. Retrieved December 4, 2016, from Nigeria National Park:
http://nigeriaparkservice.org/?page_id=53

Nigeria R-PP. (2013). REDD+ Readiness Preparation Proposal (R-PP). Federal Republic of Nigeria.

Paletto, A., Ferretti, F., De Meo, I., Cantiani, P., and Focacci, M. (2012). Ecological and Environmental Role of
Deadwood in Managed and Unmanaged Forests. In J. Diez (Ed.), Sustainable Forest Management - Current
Research (pp. 219-238). InTech.

120



Parisi, F., Pioli, S., Lombardi, F., Fravolini, G., Marchetti, M., and Tognetti, R. (2018). Linking deadwood traits with
saproxylic invertebrates and fungi in European forests — a review. iForest, 11, 423-436.
doi:10.3832/ifor2670-011

Paudel, E., Dossa, G., de Ble'court, M., Beckschafer, P., Xu, J., and Harrison, R. (2015). Quantifying the factors
affecting leaf litter decomposition across a tropical forest disturbance gradient. Ecosphere, 6(12), 267.
Retrieved May 8, 2020, from http://dxdoi.org/10.1890/ES15-00112.1

Pfeifer, M., Lefebvre, V., Tum, E., Cusack, J., Khoo, M., Chey, V., . . . Ewers, R. (2015). Deadwood biomass: an
underestimated carbon stock in degraded tropical forests? Environmental Research Letters, 10, 1-11.
doi:10.1088/1748-9326/10/4/044019

Ravindranath, N., and Ostwald, M. (2008). Methods for Dead Organic Matter: Deadwood and Litter. In Carbon
Inventory Methods Handbook for Greenhouse Gas Inventory, Carbon Mitigation and Roundwood
Production Projects. Advances in Global Change Research (Vol. 29, pp. 157-158). Springer, Dordrecht.

Sierra, C., del Valle, J., Orrego, S., Moreno, F., Harmon, M., Zapata, M., . .. Benjumea, J. (2007). Total carbon stocks
in a tropical forest landscape of the Porce region, Colombia. Forest Ecology and Management, 243, 299—
309.

Tadesse, W. (2015). GHG Emission Assessment Guideline Volume II: Aboveground Biomass Field Guide for Baseline
Survey. Addis Ababa: Ministry of Agriculture, Federal Democratic Republic of Ethopia.

Thomas, J. (2002). Dead Wood: From Forester’s Bane to Environmental Boon. USDA.

Wuerthner, G. (2018, December 20). The Ecological Value of Dead Trees. Retrieved January 20, 2020, from The
Wild Life News: https://www.thewildlifenews.com/2018/12/20/the-ecological-value-of-dead-trees/

121



Efficacy of Saw Dust from Three Different Species as Growth Media for
Cashew (Anacardium occidentale L.)

Aruwajoye, D. A and Olufemi, A. D

QEMTH
= o
P

Department of Forestry Technology, Federal College of Agriculture, Akure.
*Correspondence: aruwajojeadewale@gmail.com

Abstract

The rate of pollution increases every day due to non-use of waste generated by Timber Companies in Nigeria. Most
of the waste are burnt, which releases pollution to the atmosphere. Thishas negative effects on quality of rain which
is the backbone of our nursery and forest plantation. The top soil in our communities are also affected, this reduce
the quality of soil nutrients. This lead to experiment on three selected saw-dust from sawmill in Edo state Nigeria.
There is little work on the nursery aspect of cashew across Nigeria. This experiment compared the different sawdust
as growth media on seedling emergence, growth and prospect of Anacardium occidentale. The practical was carried
out in Forestry Technology Nursery at Federal College of Agriculture, Akure. The project practical was carried out
between April and July, 2019. The site isfairly gentle slope. The relative humidity ismoderately high all the year. The
research were carried out with four treatments which are, Top soil, Gmelina arborea sawdust, Milicia excelsa and
Swietemia macrophylla sawdust A,B,C and D respectively. Materials used were cutlass, bamboo, palm front, and
polythene pot. All the treatments were analysis using means different to know the best responses among the treatments.
Experimental study, show that top soil of natural forest and Gmelina arborea sawdust have the shortest days of
germination, within fourteen days after planting while, Milicia excelsa and Swietenia macrophylla saw dust
germinated sixteen days after planting. The treatments mean for plant height are 23.13cm, 22.50cm, 22.53cm and
22.50cm for Top soil, Gmelina arborea sawdust, Milicia excelsa and Swietemia macrophylla sawdust respectively at
12 weeks after planting. It was discovered after the experiments that, top soil performed very well but the other media

like saw dust can be used for raising of cashew seedling in our nursery in Nigeria instead of burning them.

Keywords: Milicia excelsa, Swietenia macrophylla, Gmelina arborea, Treatment, Cashew.

INTRODUCTION

Cashew (Anacardium occidentale L.) is a fast growing, Hardy and drought resistant multi-purpose species cultivated
in many tropical countries. It is one of the most well-known species for its nut in the world, although all parts of the
tree are useful (Hamad, 2015). It is an important tropical tree crop and in terms of international trade for major edible
nuts, it ranks third after coconut tree (Mofa, 2001). It is also a well-known agro-forestry species. The tree produce
fruits when they are about four years old and maximum production is from 10-30 years. Trees are also suitable for use
in the rehabilitation of degraded lands, afforestation of barren, slash-and-burned farmland and coastal saline Sandy
land. The trees are easily cultivated, vigorous and required little care (Rex et al., 2019).

According to Montealegre, (1999) explained that, Establishment of cashew plantation is essential for economics,
environmental and domestic uses. The main producer countries are Brazil, India, Mozambique and Tanzania. Limiting
factors for the species are the inability to tolerate Frost and extreme cold for a long term, reduction of nuts yields due
to anthracnose fungal disease, and the damaging effect of heavy rainfall during the flowering period (Dorthe, 2003).
Flowering is affected by weather conditions and also varies fromtree to tree, but continue for a period of three months.
High temperature leads to earlier flowering. Both male and bisexual flowers Bourne on one clusters. The flowers are
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very susceptible to mildew and control thereof on the leaves and flowers is a prerequisite for good production. After
pollinations it takes 6-8 weeks for the fruits to develop. The nut develops first while the apple develops and enlarges
only 2 weeks before fruit fall. Nuts should be harvested and should be dry before storage (Dorthe Joker, 2003).

The nut is attached to the lower portion of the cashew apple which is conically shaped. The cashew nut (seed) hangs
at the bottom of the apple, and is C-shaped .The cashew seed has within the outside shell the edible kernel or nut. In
its raw formthe cashew kernel is soft, white and minty. When roasted it changes colour and taste. Cashew apple and
cashew nuts are excellent source of nutrition. The cashew apple contain five times more vitamin C than an orange and
contain more calcium, iron and vitamin B1 than other fruits such as citrus, avocados and bananas (Franco and
Janzantti, 2005; Soares et al., 2007; Sivagurunathan et al., 2010). Cashew nut shell oil (CNSL) extracted from the
shellis caustic and causes burns on the skin. The mucous membrane of the month and throat are severely affected
when it comes linto contact with shell oil or the irritating fumes emitted during roasting (Temilade, 2008). The oily
shell liquid has many uses. Cashew tree are genuinely tropical and very fast sensitive. The tree grows in a wide
spectrum of climatic region between 25 degree North and South latitudes. Although the cashew can withstand high
temperature, a monthly mean of 25 degree Celsius is regarded as optimal. The cashew tree has a well-developed for
production but 1500 — 2000mm can be regarded as optimal (Grieve, 2004) .The cashew tree has a well-developed root
systemand it can tolerate drought conditions. Rain during the flowering season causes flowers and overcast due to
anthracnose and mild. During harvesting, while nuts are on ground, rain and overcast weather causes the nuts to root
or start germinating. The cashew is a strong plant that is renowned for growing in soils, especially Sandy soils that are
generally suitable for other fruits tree. For the best production deep, well drained Sandy or Sandy loam soil is
recommended. Cashew tree will not grow in poorly drained soil (Dorthe, 2003).

The surviving rate of seedling at nursery is partly dependent on the nutritional condition of the medium in which they
developed. Poor nutrition for seedlings at the juvenile stage may result in growth and developmental defects, poor
establishment ofseedling on the field, slowgrowth, reduced survival percentage etc. The use ofsaw dust as alternative
mediumto know the present of essential nutrients which are Nitrogen, Phosporus and Potassiun in forest waste like
saw dust of trees. Instead of burning, it should be used as organic sources. The saw-dust can be used as organic
materials for growing tree seedlings (Ellen, 2011). Therefore, the present study seeks to investigate different saw dust
as growth media for seedling emergence parameter of Anacardium occidentale and to determine the growth and
prospect of cashew.

MATERIALS AND METHODS

The practical was carried out in Forestry Technology Nursery at Federal College of Agriculture, Akure. Duration for
the project is between April and June, 2019. The site is fairly gentle slope. The temperature ranges from 25°C-28°C.
The relative humidity is between 80-90% which is high during rainy season and favour the growth of forest tree. Seed
of cashew were obtained from cashew plantation of Federal College of Agriculture, Akure. The three different species
of sawdust were obtained from sawmill at Ibillo in Edo State. The site was cleared with the use of hoe and Cutlass,
the debris were packed and remove fromthe site. Shade was constructed with the use of bamboo and Palm front. Top
soil was collected in nursery site to fill the polythene bag pot for the experiment. The polythene pots were arranged
on the site according to the different species of saw dust and the top soil. According to Zake et al., (2000)
recommended that, planting of one nut perpot with diseases free gives good outcome. There are four treatments which
are natural plantation top soil (A), Milicia excelsa saw dust (B), Gmelina arborea saw dust (C), and Swietenia
macrophylla saw dust (D). Stem girth, plant height, and number of leave were measured and recorded at every
fortnight for 12th weeks after planting before the experiment were terminated. The data were subjected to statistical
analysis using tables with means different of each treatment to know the most efficient medium and the least.

RESULTS

Soil Analysis of top soil before planting

The result of soil analysis before planting is presented in table 1. The organic matter of the soil was 3.12% which is
recommended for plant production in south-western Nigeria (Agboola and Corey, 1973). Nitrogen was 0.69% which
is high above 0.15% for plant production in south-western Nigeria (Sobulo and Osiname, 1981). The soil pH was 5.06
showing that the soil is acidic. The soil N, P, K, Mg and Ca contents were 0.69, 12.90, 0.25, 1.93 and 4.61 Cmol/kg.
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Table 1: Chemical and properties of the Top soil before planting

Parameters Value
pH(H20) 5.06
% Organic Matter 3.12
% Nitrogen 0.69
% Phosphorus 12.90
% Potassium 0.25
% Magnesium 1.93
% Calcium 4.61
% Sand 85.7
% Silt 7.8
% Clay 6.7

Figure 1 shows that, the germination date of Anacardium occidentale was different with each treatment been used. In
top soil and Gmelina arborea sawdust germination date was 14 days for the plantto sprout fromthe soil and sawdust
respectively. However, in Milicia excelsa,and Swietenia macrophylla, sawdust germination date was 16 days before

sprouting.
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Fig 1: Germination day for each treatments
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Fig 2: Effects of each treatment on number of leaves of Cashew seedlings over 12 weeks after planting

Figure 2 shows that, the mean number of leaves produce by Anacardium occidentale seedlings was highestin top soil
(15.00) while the lowest number of leaves was (14.00) in Swietenia macrophylla sawdust. There is significant different
between the number of leaves across the treatments in each week from 4 to 12 weeks after planting. Figure 3 shows
that, the mean of plant heights have highest value in top soil at 12 weeks after planting (23.13cm). While the lowest
mean recorded was in Swietenia macrophylla and Gmelina arborea sawdust (22.50cm) at 12 weeks after planting.
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Fig 3: Effects of each treatment on plant height of Cashew seedlings over 12 weeks after planting

DISCUSSION

The result of the nursery experiment revealed that all the seeds of each treatments germinated 100% but the day of
sprouting differ from one another. The fastest germinated seeds came from top soil and Gmelina arborea sawdust
while Milicia excelsa, Swietenia macrophylla sawdust germinated lately. The top soil which were collected from
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natural forest performed very well in this study because, of some essential like Nitrogen, Phosporus and Potassium
nutrients in higher quantities this corresponds to Owonubi (2005) which make pre-germination easier for seeds. Litters
decomposition at the base of natural forest also contributed to the nutrients. Gmelina arborea sawdust also have some
potential in retaining water and essential nutrients which helped in germination of Anacardium occidentale seeds.
However, Milicia excelsa, Swietenia macrophylla sawdust also performed fairly in germination of Anacardium
occidentale seeds. Numberofleaves and plant height increase gradually in top soil medium, Gmelina arborea sawdust,
Milicia excelsa sawdust while the least value occurred in Swietenia macrophylla sawdust.

CONCLUSION

In conclusion, the rate at which waste increases in Nigeria is alarming because of the non-use of our waste fororganic
fertilizer. Rather people do burn the waste materials which lead to pollution of the environment. Also, the pollution
lead to increasing of global warming which change our seasonal pattern in Nigeria (Janzantti, 2005). Temilade (2008),
said that the production of urban and industrial organic wastes is increasing worldwide; agricultural wastes are equally
on the increase in most farms; sometimes to the level of becoming a menace in forest plantation. The analysis carried
out for the 12weeks after planting, explained that, treatment A which is top soil have the highest record of number of
leaves and height of plant. Treatment C which is Gmelina arborea saw dust perform well in 4nd, 8th and 10th week.
Treatment B which is Milicia excelsa saw dust has the third highest records in terms of number of leaves and height
of the plant. Treatment D which is Swietenia macrophylla saw dust has the least data recorded in number of leaves
and height of plant.

RECOMMENDATION

The study recommended that top soil of natural plantation and waste of sawmills (sawdust) should be converted to
planting media for raising seedlings in the forest nursery for full usage of our natural resources.
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Abstract

Diameter distribution functions play a vital role in determining the diameter structure of tree sizes in the forest. It
also providesinformation about age structure and stand stability. This research assessthe flexibility offive statistical
models: Beta, Webull (3P), Gamma (3P), Johnson SB and Lognormal (3P) for fitting diameter at breast height (Dbh)
of Tectona grandis Linn.F plantation in Afe-Babalola Plantation, Ado-Ekiti, Nigeria. The plantation wasdivided into
four compartments. Each compartment was divided into five temporary sample plots (TSPs), each with plot size of
25x25m. Atotal ofone thousand, two hundred and ninety five (1295) T.grandis specieswith diameter at breast height
(Dbh) >10.0 cm in the twenty TSPs trees were measured. Data were analysed on five probability density function:
Beta, Webull (3P), Gamma (3P), Johnson SB and Lognormal (3P). The distributions were ranked based on
Kolmogorov smirnov, Anderson darling and Chi-Square. The five distributions were further tested with Kolmogorov
smirnov (D) for fitting the diameter data. The results revealed that there are more trees in the middle diameter class
than the lower and upper diameter class which make the diameter structure a nearly bell -shaped. Weibull 3P were
more flexible and consistent when tested with the three statistical tests: Kolmogorov smirnov, Anderson darling and
Chi-Square. The reason is because the calculated D-value (Weibull 3P = 0.03274) is lower than the tabulated D-
value (0.03707) at p>0.05. This means that Weibull 3P appropriately provide a better fit for the diameter data in Afe
Babalola Plantation.

Keywords: Afe Babalola Plantation, Tectona grandis, Diameter at breast height, Statistical models

INTRODUCTION

Teak is a tropical hardwood species belonging to the family Verbenaceae. Teak has been widely used both within and
out of its natural distribution. At present, teak is one of the major planted tree species in Indonesia, tropical African
countries like Nigeria, Ghana and Ivory Coast, South and Central American countries like Panama, Costa Rica, Brazil
and others (Tewari and Mariswamy, 2013). The strength, durability, and ease of working without cracks are some
properties that make teak so popular among the regions for forestry plantations (Koirala et al., 2017). Tree size
distributions are simple yet effective toolto describe tree populations and forest stands (Ezenwenyi et al., 2018). They
are used to value forests, plan harvest activities, predict forest growth, and thus, enhance forest productivity (Bailey
and Dell, 1973; Burkhart and Tome, 2012).Diameter distributions also provide information about stand structure, age
structure, stand stability, etc. and enable the planning of silvicultural treatments (Ige et al., 2013). In forestry, anumber
of distribution functions such as normal, gamma, lognormal, Johnson’s SB, beta, and Weibull have been developed
to describe tree diameter distributions of forest stands (Palahi et al., 2007; Aigbe and Omokhua, 2014; Ogana et al.,
2015; Alo, 2017). Weibull distribution is often and widely used owing to its simplicity and flexibility and its
parameters are easy to estimate (Bailey and Dell 1973; Nord-Larsen and Cao 2006; Gorgoso et al., 2007).

Stand models that provide accurate estimates of stand growth and yield have become essential tool for evaluating the
numerous management and utilization decision. No single type of stand model can be expected to provide information
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efficiently for all levels of decision making (Adesoye, 2002). Therefore, there is need for wide variety of models of
varying degree of complexity for the management of natural forest and plantation (Ige et al., 2013). This research
work aim to assess the flexibility of five statistical models: Beta, Webull (3P), Gamma (3P), Johnson SB and
Lognormal (3P) for fitting diameter at breast height (Dbh) of Tectona grandis Linn.F plantation in Afe Babalola
Plantation, Ado-Ekiti, Nigeria

METHODOLOGY

Study Area

This study was carried out in the Teak stands at Afe Babalola Plantation, Ado- Ekiti, Ekiti State. It is geographically
located within the Latitude 7.5689°N and 7.5608°N and Longitude 5.2033°E and 5.2107°E. The plantation is divided
into four compartments. It is 33.1 Ha in size and the first, second and third compartment was established in 2002 while
compartment four was established in 2003. The vegetation of the study area is a moist semi-evergreen tropical
rainforest. The focus of forest management is timber production. However, some other economic activities such as
fish farming, apiculture and production of crops such as banana, palm nuts are practiced in the forest.

| Lugund

Figure 2: Map of Afe-Babalola Plantation
Source: (Muniru, 2017)

Data Collection

Plot layout and data collection

The plantation was divided into four compartments. Each compartment was divided into five temporary sample plots
(TSPs) each with plot size of 25x25m. A total of one thousand, two hundred and ninety five (1295) T.grandis species
with diameter at breast height (Dbh) >10.0 cm in the twenty TSPs trees were measured.

Data Analysis

Diameter fitting procedure

In this study, Five Diameter distribution functions were fitted using Kolmogorov Smirnov, Anderson Darling and Chi-
Square. Beta, Gamma (3P), Lognormal (3P), Weibull (3P) and Johnson Sg were used in characterizing the Dbh of
T.grandis trees enumerated in the study area. The statistical distribution models considered is represented below

Beta Distribution
The beta distribution function (Krishnamoorthy, 2006) is expressed as:

1 (x—a)¥171(p—x) ¥2-1

Blaja,) (h-a)®1taz-1 (1)

flx) =

Where: a, and a,are shape parameters (a,,a,>0), a, b, are the limits of the distribution (a<b)
B(a,,a,) is the beta function. It has the formula:
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Weibull Distribution (3P)
The 3-parameters Weibull distribution (Weibull 1951) was used for this study. It is
expressed as:

160 =550 e (- (5)) ®

a =20, >0,c> 0p is the shape parameter, a is the scale parameter,y is the location parameter

Where: F(x) is the Weibull probability density function; x is tree diameter to be measured, a, b and c are the location,
scale and shape parameters of the distribution respectively.

Lognormal Distribution (3P)
The probability density function (pdf) of the three-parameter lognormal distribution (Aristizabal, 2012) is:

) = (x_yl)“ —exp (ln);—#)z @

Where: ¢ > 0,x >0,0 > u+«

The Gamma Distribution (3P)
The 3-parameter gamma distribution function (Krishnamoorthy, 2006) is expressed as:

nme(- () ®

(@)= J, t=1etdt (o> 0) ©6)

Where:a is the shape parameter (a0 > 0), B is the scale parameter (B > 0), y is the location parameter (y = 0, for a
distribution with two parameters); x = diameter (Dbh)

Johnson’s Sg Distribution
The Sg distribution is obtained by the following four-parameter logistic transformation of a standard normal variate,
z. The Sgpdfis given as:

2
) 1 z
flx) = G EXP (—;(y + 8ln (1—_Z)> ) @)
Where:
__x=Z
Z= £+ A—Q s
o
-r -1
H=3 and ¢ = 5 6]

RESULTS AND DISCUSSIONS

The statistical summary of diameter at breast of the study area is presented in Table 1. The result revealed that the
mean value of the diameter at breast height is 17.45 cm, which is far below the minimum merchantable size of 48cm
stipulated by logging policy of southwestern Nigeria (Adekunle, 2006). The value of the skewness and kurtosis is
0.54 and 0.33 respectively. (Gadow, 1983) noted that high positive skewness and peakedness means that considerable
numbers of trees are concentrated in the lower diameter classes. However, the result showed that the skewness fall
below 1 (not high) which implies that the skewness is moderate and considerable numbers of trees were not
concentrated in the lower dbh class. The Kolmogorov Smirnov, Anderson Darling and Chi-Squared were used to test
the goodness of fit of the diameter distributions as shown in Table 2. Five distributions were selected and furthertested
with Kolmogorov Smirnov. The Kolmogorov Simonov test showed its statistical value and rank for the dbh in the
study area. The result indicate that Weibull (3P) was the only distribution that provide a good fits for the diameter
data, because it’s calculated D-values (Weibull 3P: 0.03274) was less than its tabulated D-value (0.03707) at 0.05
significant level. Other distributions (Johnson SB; 0.03861: Beta: 0.04106: Lognormal 3(P): 0.04167 and Gamma 3P:
0.04367) were rejected because their calculated D-value was higher than their tabulated D-value (0.03707) at the same
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significant level. Same trend was noticed in Chi-square test, Weibull (3P) distribution was the only distribution that
provides good fit at 0.05 significant level as its calculated value (18.16) was less than the tabulated value (18.307).
Although, the result of the Anderson Darling test revealed that all the distributions can provide good fit, because their
calculated value (Table 2) was less than the tabulated value (2.5018) at 0.05 significant level. It was observed that
Weibull (3P) distribution was consistent for the three statistical tests in fitting diameter data of the study area. Hence,
Weibull (3P) distribution was selected as the best model for the study area. Weibull distribution was adjudged more
flexible in a research carried out in Gorazbon district of Kheyroudkenar forest by Namiranian (1990) and Mataji et
al., (2000). Both scientists, using Kolmogorov-Smirnov tests showed that Weibull distributions could determine
diameter distribution of trees. This observation was in agreement with the research of Alo (2017) who found that
Weibull (3P) was more flexible when fitting diameter distribution functions for second rotation of T. grandis
plantation in Eda Forest Reserve, Nigeria. Aighe and Omokhua (2014) also found that Weibull (3P) was more flexible
than Beta, Burr 4P, Gamma 3P, Johnson SB, and Lognormal distribution functions when tested with Kolmogorov
Simonov and Chi-Square in modelling diameter distribution of the tropical rainforest in Oban Forest Reserve, Nigeria.
Likewise, this study is also similar to the work of Ogana et al., (2015) who reported that three parameter Weibull
distributions performed slightly better than the Beta and Gamma 3P distributions for Characterizing tree diameter in
Oluwa Forest Reserve, Ondo State, Nigeria. Several authors (Adegbehin, 1985; Akindele and Abayomi, 1983; and
Abayomi, 1983). have demonstrated the use of Weibull probability distribution functions for predicting diameter
distribution in even — aged stand. Clutter et al., (1983) described Weibull function as the most popular frequency
distribution model. Additionally, Gamma (3P) was ranked the least distribution provided to fit the dbh data in the
study area due to its large values for the goodness of fit statistics. This is in concordance with Alo (2017) who found
that the Gamma (3P) distribution was less appropriate for determining the structure of the second rotation plantation
forest studied.

Table 1: Summary of Descriptive Statistics for Dbh class in the study are

Statistics Value
Mean 17.45 cm
Standard Error 0.11
Standard Deviation 4.00
Sample Variance 15.99
Kurtosis 0.33
Skewness 0.54
Range 22.60
Minimum 10.00
Maximum 32.60
Total 1295

Table 2: Summary of Goodness of Fit of Distribution Functions for the study area

S/IN Distribution Kgm?rgn%'yv Anderson Darling Chi-Squared
Statistic Rank Statistic Rank Statistic Rank
1 Weibull (3P) 0.03274 1 1.359 1 18.298 1
2 Johnson SB 0.03861 2 1.408 2 30.398 4
3 Beta 0.04106 3 1.4809 3 30.109 3
4 Lognormal (3P) 0.04167 4 1.7379 4 25.142 2
5 Gamma (3P) 0.04367 5 1.7609 5 42.608 5

The parameter values of the five distribution functions are presented in Table 3 while Figure 1 shows the graphical
analyses of observed numbers of trees and the predicted frequency by the five distribution functions. The distribution
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pattern ofthe models showed that there are more trees in the middle dbh class with decreasing frequency at both sides;
given rise to the Bell-shaped structure. This is typical of a plantation forest, with most of the trees within the middle
diameter class. This indicates that most of the trees in the plantation were growing at similar rate and with less
competition (Ezenwenyi et al., 2018). This result is in concordance with Alo, (2017) and Ezenwenyi et al., (2018)
who reported Bell shaped structure of T. grandis plantation in Eda Forest Reserve and Nauclea diderrichii in Omo
Forest Reserves, respectively. The graphs of observed and estimated probability functions of dbh class of the
distribution functions show that there is no significant difference (p > 0.05) between the observed and predicted
diameter frequencies as shown in Figure 1.

Table 3: Distribution Parameter Estimates for Afe Babalola plantation

SIN Distribution Parameters

1 Beta a1=4.7271 02=16.185
a=7.2168 b=52.221

2 Gamma (3P) 0=9.9398 p=1.2813 y=4.6548

3 Johnson SB v=3.7662 6=2.9321

A=68.892 £=2.0811
4 Lognormal (3P)  ©=0.20529 p=2.9465 y=-2.0532
5 Weibull (3P) 0=2.4693 $=10.495 y=8.0841

131



(e)

Probability Density Function

0.221
0.2 \

0.187 /

0.16

0.147 /

0.127 /
0.1

0.087 /

0.06

0.04 \

0.02

10 15 20

[J Histogram — Weibull (3P)

Probability Density Function

0.221 f/ \
\

/
0.2 / \

{ \
0.18+ ._f' \

0161 [ \
014 / \

J \
012 \

0.1 ."l \

0.08 E \

0.061 /

0.041 y

0.021 V
o

10 15 20 25
X

[J Histogram - Lognormal (3P)

Probability Density Function

0.22

0.27
0.187

0.161

0.14

0.12

0.17
0.08

0.06 N

0.047 l

=l N
=

10 15 20 25 30

X

[ Histogram — Johnson SB

Probability Density Function

0.14+
0.127

0.1
0.087
0.067
0.047
0.027

[ Histogram  — Gamma (3P)

Probability Density Function

0.227

0.2
0.187
0.167
0.14
0.127

0.17
0.087
0.06
0.04

0.027

N

O Histogram — Beta

Fig. 1.Graph of observed and estimated probability function, of DBH class of T.grandis data in the study area (a)Weibull (3P) (b) Johnson SB (c) Beta (d)

Lognormal (3P) (€) Gamma (3P)

132




The distribution’s description results of 1295 trees in the observed diameter class and their evaluation with
Weibull (3P) probability distribution was shown in Table 4. The result showed that there are more in the middle
dbh class than the lowerand upper dbh class. Table 5 showed the result ofthe t-test carried out between observed
frequencies and predicted frequencies. The result showed that there is no significant difference between the
observed and predicted frequencies as the t-statistical value (0.03) is less than the t-critical value (2.23). The
correlation between the observed and predicted frequencies was 0.98.

Table 4: Frequency distribution in the observed diameter class and evaluation with Weibull (3P)
distribution of Tectona grandis stand

dbh class Observed Predicted
frequencies frequencies

9-105 30 30

11 -125 130 123

13 - 14.9 201 227

15 - 16.5 272 272

17 -185 259 246

19 -215 214 181

22 -239 84 117

24 -26.5 39 52

27 -28.9 32 23

29 -32.0 13 6

33-35.0 6

Table 5: Student T-test analysis for Weibull (3P) Distribution Model

Observed Predicted
Frequencies Frequencies
Mean 116.36 116.18
Pearson Correlation 0.98
t Stat 0.03
P(T<=t) one-tail 0.49
t Critical one-tail 1.81
P(T<=t) two-tail 0.97
t Critical two-tail 2.23

CONCLUSION

It is important to use appropriate probability theories to foresee trees distribution by estimating their diameter
distribution. The study made use of five statistical models to describe diameter data of T. grandis plantation in
Afe Babalola Plantation, Nigeria. The outcome showed that Weibull (3P) distribution best described the stem
diameter when tested with Kolmogorov Simonov. Hence, Weibull (3p) are recommended for application in the
prediction of diameter distribution in similar ecosystemfor T. grandis species.
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Abstract

Parkia biglobosa is a leguminous tree that plays a significant role in the socio-economic wellbeing of people
especially in rural communities of sub-Saharan Africa. The trees are maintained on farms by farmers because of
the benefits derived from it. Its inclusion in agroforestry practice is often limited because of scanty information
on appropriate growing space or planting distance. Agroforestry practice often requires the determination of
planting distance in the form of alleys to reduce the effect of canopy cover. Therefore, in this study the growing
space requirement of P. biglobosa for agroforestry project was determined. The data sets used consist of 288
trees measured from P. biglobosa plantation in Markurdi, Nigeria. Quantile regression technique was used to
establish a simple relationship between tree crown width (Cw) and diameter at breast height (DBH) ofthe species.
This relationship was used to estimate the growing space required for the establishment of agroforestry project.
The limiting density and stand basal area were also estimated. The result shows that the relationship of the form:
Cw =2.674 + 0.095DBH, explained 56.2% of the variation in crown width with a mean bias of 0.985. Also, the
study shows e.g., that P. biglobosa trees of 10 cm DBH would each require 3.2 m of growing space with limiting
density and basal area of about 982 trees/ha and 6.06 m?/ha, respectively. Furthermore, trees of 50 cm DBH
would each require 6.6 mof growing space with limiting density and basal area ofabout 23 2 trees/ha and 35.86
m?/ha, respectively. In agroforestry practice, alleys are predetermined from the onset of the project, and assuch,
information fromthis study could be used to determine the planting distance and the limiting density ofthe specie.
Thus, arable crops can be integrated between the alleys.

Keywords: Crown width; quantile regression; stand density; stand basal area, Parkia biglobosa

INTRODUCTION

A land use management systems where woody perennial such as tree and shrubs are deliberately combined with
arable crops and/or animals on the same piece of land in a spatial or temporal arrangement is known as
Agroforestry (Lundgren and Raintree, 1982). Maintaining increase production while conserving the potential of
the resource base are some of the attributes of agroforestry (Nair, 1993). Although all trees are multipurpose,
however, multipurpose trees/shrubs in Agroforestry are referred to as "'those trees and shrubs which are
deliberately kept and managed for more than one preferred use, product, and/or service; the retention or cultivation
of these trees is economically and sometimes ecologically motivated, in a multiple-output land-use system." (Nair,
1993).
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Among the several multipurpose tree species used in agroforestry is Parkia biglobosa. P. biglobosa belongs to
the family Fabaceae and sub-family Mimosoideae, it is commonly referred to as the locust bean but its trade name
is dadawa or dawa-dawa. P. biglobosa is a perennial deciduous tree which can attain the height of 7 to 20 mwhen
matured, in rare case it can reach 30 m. The crown is generally large and has a wide spread with a stout bole
(Orwa et al., 2009). P. biglobosa thrives in different agro-ecological zones. P. biglobosa is usually retained on
farm land even after felling other tree species because of the diverse benefits associated with it (Amoako, 2012).
It utilisation ranges from medicinal, glaze for ceramic pots, fodder, firewood, charcoal production (Kwon-Ndung,
et al., 2009). In agroforestry system, P. biglobosa, helps in breaking wind, providing shade for both crops and
animal as well as fodder for animal. The soil benefits through improves nutrients uptake efficiency because of the
activities of endomycorrhizal fungi (Amoako, 2012).

Growing space as defined by Foli et al. (2003) refers to the availability of all resources required for the survival
of tree in a site. For optimal growth and development of any tree, a definite amount of growing space is essential
(Foliet al., 2003). The optimal or ideal growing space of a plant may be defined as the adequacy in all available
resources that are necessary for the growth and survival of the plant. The amount of growing space maintained in
an agroforestry system would likely contribute to the growth and size of trees and subsequently arable crops
incorporated. Wider spacing generally results in larger tree and wider canopies and vice versa. It has been shown
that concentration of minerals increases with increase in tree size (Kater et al., 1992; Tomlinson et al., 1995). This
implies that maintaining wider space in an agroforestry systemmay lead to increase in mineral concentration; in
consequence, increase arable crops yield. Therefore, the aim of the study was to determine the growing space
requirement of P. biglobosa for the establishment agroforestry project.

METHODOLOGY
Study Area

This study was carried out in the P. biglobosa plantation, Makurdi, Nigeria. It is located between latitudes 7°21’
and 8°0'N and longitudes 8°21' and 9°0’E with an area of about 7,978 km? (Chukwu et al., 2017). The data set
consist of 288 trees measured from 9 sample of a hectare size. Diameter at breast height (DBH, measured at 1.3
m above the ground), tree height and crown width (Cw) were measured to the nearest 0.1 cm, 0.1 mand 0.3 m,
respectively. Diameter tape and hypsometer were used to measure DBH and height, respectively. Cw was
measured as the linear distance of the projected tree crown in four directions i.e., north-south and east west. The
mean value of these measures was recorded the crown width (Cw). The data set was randomly split into 75%
fitting and 25% validation data set. The descriptive statistics of the data are presented in Table 1.

Table 1: Descriptive statistics of the fitting (75% )and validation data sets (25%)

Variables Fitting data (n = 216) Validation data (n =72)

Mean Max Min SD Mean Max Min SD
DBH (cm) 404 95.4 153 14.83 40.1 79.8 14.6 14.83
Height (m) 6.8 17.8 21 1.89 6.6 12.0 33 1.89
CD (m) 6.5 12.6 2.8 1.97 6.6 10.8 34 1.97
BA (m?) 0.15 0.72 0.02 0.11 0.14 0.49 0.02 0.11
N = 288 trees

CD = Crown diameter; BA = Basal area; SD = Standard deviation; N = Number of trees

Modelling Crown width and DBH

A quantile regression technique was used to model the linear relationship between tree crown and DBH of P.
biglobosa. The relationship is of the form:

CWi = bO + leBHL + €; (1)

Where Cw = crown width (m), DBH = diameter at breast height (cm), b, and b, = intercept and slope, respectively,
€ = error termin the model. The error is assumed to be normal and independent with zero mean and constant
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variance that is, ;,~NID(0,c?). The subscript i = individual tree i. In quantile regression, the estimate of the

regression parameters (b, and b,) were obtained by minimizing the sum of absolute error. The 0.5 (i.e., median)
was used in this study; expressed as:

n
Bos = argming ¢ g2 Z Pos (yi - x;ﬂ)

i=1

@

Where § = parameter b, and b,; p = rho. This method was recently used by Raptist et al. (2018), Ozcelik et al.
(2018) and Ogana (2019). The fitting method was assessed based on coefficient of determination (R2), root mean
square error (RMSE) and mean absolute bias (MAB). The analysis was carried out in R (R Core Team, 2017).

Determination of growing space (GS, m) requirement

The growing space requirement of P. biglosbosa was estimated from these relationships:

40000

N(tree /ha) = =Gt buDBH)? (3)
100
GS (m) - JN (tree/ha) (4)

Where m is pi (3.142); b, and b, are the estimated regression parameter from equation 1. N is the number of trees

per ha (i.e. the limiting density) which was derived from the estimated crown width. The basal area per ha of the
stand at any given diameter was also estimation with this expression:

G(m?/ha) = 10000 (2222)

K

©)

Where G is the stand basal area in square meter per ha and K is the ratio of crown width to DBH.

RESULT AND DISCUSSION

The result of the fitted model for the relationship between crown width and DBH is presented in Table 2. The
model has positive intercept and slope value with relatively high adjusted coefficient of determination, low root
mean square error and mean absolute bias. Positive intercept and slope are expected for most Cw-DBH
relationships irrespective of the modelling method used. The implication of positive intercept (bo) is that the stand
basal of P. biglobosa can grow to maximum i.e., maturity since the Cw-DBH ratio (K-ratio) decreases with tree
size (Foli, 2003).

The graphical relationship between K-ratio and tree size (i.e., DBH) is presented in Figure 1. The graph showed
that P. biglosbosa has higher K-ratio for younger trees (smaller DBH) and reduces with increase tree size. And
then began to stabilize around DBH of 45 cm but never increases. It dropped by about 75% from DBH of 0.1 to
0.45m (10 to 45 cm). Hemery et al. (2005) reported a drop of K-ratio around DBH of 30 — 40 cm for 11 temperate
tree species. This K-ratio can be used to estimate the mean crown with of the stand (K x DBH) from which other
stand variables including growing space can be determined.

Table 2. Estimated parameters and fit indices

Data b, b, R? RMSE MAB
Fitting 2.674 0.095 0.562 1.287 0.985
Validation 1.296 1.047
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Fig 1. Crown width-DBH ratio at different DBH for P. biglobosa

The results of the estimated growing space (GS), limiting density (N, trees/ha) and the stand basal area (G, m?/ha)
for different DBH of P. biglobosa are presented in Table 3. Predictions of GS, N and G within 10 — 100 cm DBH
range were presented. From the table, P. biglobosa trees of 10 cm DBH would each require 3.2 m of growing
space with limiting density and basal area of about 982 trees/ha and 6.06 m?/ha, respectively. Also, trees of 50 cm
DBH would each require 6.6 m of growing space with limiting density and basal area of about 232 trees/ha and
35.86 m?/ha, respectively. Furthermore, trees of 100 cm DBH would each require 10.8 m of growing space with
limiting density and basal area of about 86 trees/ha and 53.64 m2/ha, respectively. This information can be used
as a guide for the establishment of agroforestry project.

Agroforestry practice often requires the determination of planting distance in the form of alleys to reduce the
effect of canopy cover. These alleys are predetermined fromthe onset of the project. Thus, if P. biglobosa trees
would be used in agrosilviculture (tree and arable crop) project and that the diameter of the tree at the
establishment stage is 5.0 cmsay, a growing space of about 2.7 mwould be required. The stand density and basal
area per ha would be 1324 trees/ha and 2.04 m?/ha, respectively. Arable crops such as maize (Zea mays), cassava
(Manihot spp.), etc. can be planted between the alleys. Inappropriate specification of planting distance will lead
to competition for space, nutrient, light, etc. and in consequence low yield. Bazié et al. (2012) reported a decrease
in the yield of sorghum and maize grown the under canopy of P. biglobosa. Furthermore, Kater et al. (1992)
observed a decrease in the yield of cotton grown under the canopy of P. biglobosa, however, the yield of millet
was less affected. Although the amount of growing space or distance in the studies was not stated, it is possible
that the amount of distance maintained could be one of the contributing factors responsible for the observed
difference in yield. Dau et al. (2016) reported a 4 x 4 m planting distance of P. biglobosa for plantation
establishment. Foli et al. (2003) also determined the growing space for some tropical tree species in Ghana for
the same purpose of plantation establishment.
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Table 3. Limiting density (N), basal area (G) and growing space (GS) of P. biglobosa

DBH (cm) CD (m) N (tree/ha) G (m?/ha) GS (m)
5.0 31 1324 2.04 2.7
10.0 3.6 982 6.06 3.2
15.0 41 757 10.52 3.6
20.0 4.6 601 14.85 4.1
25.0 5.0 509 19.63 44
30.0 55 420 23.38 49
35.0 6.0 353 26.73 53
40.0 6.5 301 29.74 5.8
45.0 6.9 267 33.42 6.1
50.0 74 232 35.86 6.6
55.0 7.9 203 38.09 7.0
60.0 8.3 184 41.06 7.4
65.0 8.8 164 42.84 7.8
70.0 9.3 147 44.47 8.2
75.0 9.8 132 45.98 8.7
80.0 10.2 122 48.31 9.1
85.0 10.7 111 49.55 9.5
90.0 11.2 101 50.75 10.0
95.0 11.7 93 51.75 104
100.0 121 86 53.64 10.8

CD = Crown diameter, DBH = Diameter at breast height (1.3m above the ground)

CONCLUSION

, this study has modelled the relation between crown width and diameterat breast height using quantile regression
from which the growing space of P. biglobosa for agroforestry project was determined. Knowledge of the
appropriate growing space or planting distance ofa tree in an agroforestry systemwillnot only ensured the optimal
growth and development of the plant but also indirectly affect arable crop yield.
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Abstract

Despite itsubiquitous use by smallholder farmfamilies, there isinadequate awarenessabout the potential ofagro
forestry toward achieving sustainable forest management particularly in Sokoto state of Nigeria. Although,
several studies have been carried out on the role of agro forestry practices in achieving sustainable forest
management. None has been carried out in Sokoto State which forms the basis of this study. Reconnaissance
Survey (direct observation) was carried out atthe initial stage ofthe research, in order to get acqu ainted with the
study area with respect to agroforestry practices for sustainable forest management in some rural areas of the
selected Local Government Areas of Sokoto State. A simple random sampling method was employed to select
respondents fromthe study population. Survey questionnaires were issued to each respondentin orderto collect
data from them. The study revealed that 85 of out of 96 respondents were males (88.5%) while only 11 (11.4%)
were females. Thisindicates a significantly less participation of women in agro forestry practice in Sokoto state,
result also shows that farmers adopt agro forestry in the state for a variety of reasons the most popular ofwhich
is the improvement in soil fertility, offering them a variety ofland use options. The result demonstrated that ofall
the different types of agro forestry, agri-silviculture is the most popular among the respondents having 42 out of
96 respondents which represents (43.7%). In the light of this challenge there is the need for sustainable
management of the patchy forested areas that remains in the state to ensure that the goods and services derived
from the forest meet present day needs while at the same time securing their continued availability and
contribution to long term development. The implication of the finding isthat agro forestry enhances management
of forest resources, stability and production sustainability and present huge opportunities for raising food
production and giving farmers options as per as land use is concerned in Sok oto state Nigeria. It’s therefore
suggested that for agro forestry to be truly effective asa means of enhancing land use options, forest management
and sustainable use of forest resources, it should form part ofthe integrated rural development programan d there
by meets more of farmer’s basic needs than it does now.

Keywords: Agroforestry practice, forest management, production sustainability, land use and forest resources

INTRODUCTION

Agro forestry has been defined as a dynamic, ecologically based natural resources management system that
through the integration of trees on farms and in the agricultural landscape, diversifies and sustains production for
increased social, economic and environmental benefits for land users at all levels (Leakey, 1996). Agro forestry
practices offer practical ways of applying various specialized knowledge and skills to the development of
sustainable rural production systems. Agro-forestry is recognized as a land use option in which trees provide both
products and environmental services. In agro forestry systems, the trees grown on different farmlands in the same
locality when aggregated can bring about improved wooded situation thereby enhancing environmental protection
(Otegbeye, 2002). Young (1989) reported that there are hundreds of agro-forestry systems but only so distinct
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practices. There are only 3 basic sets of components that are managed in all agro-forestry systems namely: -
Woody perennials (usually referred to as "trees"), herbaceous plants or "crop" and animals. A logical step is to
classify agro-forestry systems based on their components composition (Nair, 1991), thus, there are three basic
types of agro-forestry systems Viz,

1. Agri-silviculture (crops + trees)

2. Silvopastoral (pasture/animals + trees)

3. Agrosilvopastoral (crops + pasture + trees)

Although several agro-forestry systems have been recorded from around the world, the distinct agro-forestry
practices that constitute these systems in various biomass and locations are few of course, some of similar agro-
forestry systems in different places. According to the World Agro forestry Centre (2012)"agro-forestry is uniquely
suited to address both the need for improved food security and increased resources for energy, as wellas the need
to sustainably manage agricultural landscapes for the critical eco-systems services they provide.

Agro-forestry is already widely practiced on all continents using a 10 percent trees cover as threshold, agro-
forestry is most important in Central America, South America, and South East Asia, but also occupies a large
amount of land area in Africa. In addition to adaptation benefits, agro-forestry also has a function of carbon
sequestration.

In most agro forestry systems, the trees grown do not have the usual silivicultural recommendations in terms of
spacing (Owonubi, 2002). Given the reality of awareness among the farmers of multiple land use management,
the need to improve on the existing agro forestry practices becomes necessary in the face of increasing population
and limited nature of land. Agro forestry has both protective and socio-economic benefit. Kang (1993) reported
that besides direct agricultural benefit, trees exhibit socio—economic values. The benefit of the tree components
derived by farmers fromagro forestry was evaluated froma socioeconomic and ecological perspective (Anderson
and Sinclair, 1993). The social - economic benefits of agro forestry can be evaluated in terms of productivity,
stability and sustainability.

Sustainability is a termthat has gained much popularity in recent time. It means that a resource is used in such a
way that it continues to be available. Itis a general consensus that we must learn how to sustain ourenvironmental
resources including forest so that they continue to provide benefits for the people and other living things on our
planet. One fundamental premise for sustainable development is the recognition that environment and
development are not exclusive of one another but are complementary and inter-dependent and in the long run man
mutually benefit from this interdependence (Ahmad and Sanny 1987). This complexity explains the difficulty in
operationalizing the concept of sustainable development. Yet there has been ever increasing demand on the limited
forest resources and the carrying capacity of the fragile forest ecosystem. Under the conditions of poverty for
which Nigeria is known, the environment often exhibits the ravages of long years of mismanagement as illustrated
by high rate of deforestation, overgrazing, desertification and endangering the forest species. Rural people have
been discovered to have a wealth of indigenous knowledge and have incorporated trees in production systems in
areas where they lived for a very long period of time (Evans and Alexander, 2004).

It should be noted that the attempts being made underagro forestry are to optimize the use of land foragricultural
production in the state on a sustainable basis at the same time meeting other needs from forestry (Fagbemi, 2002).
Nitrogen-fixing and non-nitrogen-fixing trees thrive adequately in agro forestry with annual crops, presents a
farming system in which arable crop yields can be enhanced. The tree rooting system brings about stability that
can lead to soil conservation. What is needed would be mutualinteraction and proper management techniques that
would reduce the adverse effects that may result when trees are integrated into agro-ecosystem (Connor, 1983).
Various authors (Kang et al., 1990; Young, 1986; Rocheleau and Dianne, 1987) were of the view that successful
agro forestry practices benefits the farmers in the following ways:

a. Consistent restoration of the fertility status of the depleted soil through the recycled litter deposition and
nitrogen fixing mechanism of trees.

b. A variety of products, firewood, fodder, woodcraft, medicinal herbs and food for livestock and man
respectively.

c. Prevention of wind and water erosion by trees acting as wind break and intercepting the raindrop impact on the
soil respectively.

d. Improving the micro-climate effect of the immediate and adjourning environment.

e. Restoration of water table to an absorbable level for crops use.

f. Increased income opportunities.

g. Increased economic stability

h. Reduce cost for establishing plantation

i. Increased ability to manage for sustained yield.

142



METHODOLOGY

Study Area

The study area lies between latitude 13°04°59.99” N, to longitude 5°15°0.00” E. Sokoto state has 23 Local
Government Areas:- 3 of which were selected for this study. The selected Local Government Areas include
Wurno, Rabah and Goronyo Local Governments Areas.
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Fig 1: Map of Sokoto state showing the study area

Reconnaissance Survey:

Reconnaissance Survey (direct observation) was carried out at the initial stage of the research, in order to get
acquainted with the study area with respect to agro forestry practices for sustainable forest management in some
rural areas of the selected Local Government Areas of the State.

Primary Source of Data:

Firsthand information was collected through the administration of questionnaire. This was administered to farmers
to obtain information for the research. A total of 96 farmers were randomly selected and interviewed in sampled
villages of the three purposively selected Local Government Areas (Table 1).

Vegetation

The study area falls within Savannah vegetation type. Tree species that are common in the area include
Azadirachata indica, Acacia species, Parkia biglobosa, Vitexduniana, Mangifera indica etc. Herbaceous plants
include lettuce and other grasses, such as gamba grasses and guinea grasses etc.

Population
According to 2016 Population projections, the 3 local governments that serve as the study area had a population
of about 666300 (NPC 2016).

RESULTS AND DISCUSSION

Distribution of Demographic Characteristics of the Respondents

Gender:

Table 2 below shows that 85 of the 96 respondents were males (88.5%) while only 11 (11.4%) were females. This
indicates a significantly less participation of women in agro forestry practice in Sokoto state.The study
demonstrated that youth between the age of 31-50 years whose frequency were 39 out of 96 and represent 40.6%
of the respondents are considerably involved in agro forestry practice in the study area, whereas adults between
the age of 51 and above shows higher frequency and percentage42 (43.7%) respectively.

Educational lewel:

Is important in terms of exposure to information which help farmers understand the potential benefits of agro
forestry and other relevant innovative practices. The frequencies and percentages are shown in the table 2below.
The table also shows the main occupation distribution of respondents and other sources of income. Thirty seven
(37) people which represents (38.5%) ofthe respondents have farming as their occupation while petty trading take
24 (25%), civil service takes 17 (17.7%) while other small businesses got the remaining 18 (18.7 %) of the
respondent’s occupation.
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Table 1 Demographic information of respondents

Parameter Frequency Percentages
Gender

Male 85 88.5
Female 11 114
Age

18-30 15 15.6
31-50 39 40.6
51-above 42 43.7
Lewel of education

Non-formal education 22 22.9
Primary education 34 35.4
Secondary education 19 19.8
Tertiary education 11 114
Adult education 10 104
Occupation/source of income

Farming 37 385
Civil servant 17 17.7
Petty trading 24 25
Others 18 18.7

Table 2 also indicates that 19 (19.7%) were large scale farmers while 35 (36.4%) respondents were medium scale
farmers and the remaining 42 (43.7) were small scale farmers The table also shows that agro forestry is widely
practiced among the respondents; this comes in variants including agri-silviculture and other traditional shifting
cultivation systems.

There are different types of food and tree crops cultivated in the study area. This is especially important to the
study for the inventory of both the food and tree crops in the state and degree of variability in cultivation among
farmers.

The table also shows in years, the length of respondent’s involvement in agro forestry. This information is
particularly relevant as it depicts the extent of farmers experience on farm practices of agro forestry,

The table also indicates the main uses of trees on farm by the respondents. This is relevant to the study as it
indicates the reasons why farmers chose to adopt agro forestry. Sources of labor for respondent’s farm varies
between hired labor, work group, and family labor this occur in varying combination

The table also indicates the impact of agro forestry practice towards reducing the level of bush fallowing practices
in the state. While 41 (85%) out of 48 respondents spoke in the affirmative, 7 (15%) of the respondents said no.

Table 2: Scale of respondent’s involvement in different agroforestry practices.

Characteristics Frequency Percentage

Scale of Farming

Large scale 19 19.7
Medium scale 35 36.4
Small scale 42 43.7
Types of farming systems

Agri-silviculture 42 43.7
Silvipastoral 30 31.2
Agri-silvi-pastoral 24 25
Types of food crops cultivated

Millet-Sorghum-Cowpea 37 38.5
Sorghum-Cowpea 22 22.9
Cowpea-groundnut 14 145
Sorghum-groundnut 13 135
Millet-groundnut 10 104
Types of tree crops grown

Cashew-mango-citrus 19 19.7
Neem-parkia-mango 23 239
Parkia-neem 31 322
Mango-guava 12 125
Parkia only 11 114

Period of involvement in agro forestry (in years)
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Not specific 32 33.3

1-3 yrs 29 30.2
3-5 yrs 22 22.9
5- 10 yrs 13 135
Main uses of trees on farm
For soil improvement 25 26.0
Source of fruits 17 17.7
Source of fuel wood 31 322
Source of shelter 23 239
Source of labor on respondent’s farm
Family labor 41 42.7
Work group 29 30.2
Hired labor 26 27.0
Impacts of agro forestry on respondents livelihood
Yes 69 718
No 27 28.1
CONCLUSION

The role of Agro forestry in sustainable forest management cannot be over emphasized. It evolves a synergy
between agricultural production and forest management that is beneficial for increased food production,
sustainable wood production and land use options. This is a win-win situation.

In the light ofthis there is the need forsustainable management of the patchy forested areas that remains in Sokoto
state to ensure that the goods and services derived fromthe forest meet present day needs while at the same time
securing their continued availability and contribution to long termdevelopment.

RECOMMENDATIONS

i. Provision of economic incentives to the farmers in Sokoto state

There is need for the provision of economic incentives by the Sokoto state’s forestry department to farmers
participating in agro forestry in the state. Such incentives should include viable and improved seeds and seedling
provision through government nursery, regeneration and exploitation tools that are beyond the reach of peasant
farmers.

ii. Empowering the extension workers in agro forestry

There is also the need for empowering forestry extension workers in the state who serve as intermediary between
the research institutes and the rural dwellers. i.e. farmers and their families by educating and informing them on
the role of agro forestry in achieving sustainable forest management and availability of alternatives that would
better their lots in terms of production efficiency and income without disrupting the ecological equilibrium.

iii. Policy Reforms

The history of program design and implementation with regards to agriculture and forestry in Sokoto state and
Nigeria in general shows that they are adhoc and reactionary in nature. Urgent matters such as deforestation, land
degradation, natural hazards, climate change, food scarcity and rural poverty are only accorded topmost priority
on the policy agenda when these problems have reached a disastrous proportion.
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Abstract
The early growth of cocoa (Theobroma cacao) was evaluated using rock dusts as soil remineralization agents.

Experiments were conducted in pots to determine the effect of remineralization of soil using granite and basalt
rock dusts. Seven treatments including control were used for the experiment and these were replicated four times.
The treatments were T1 (0.5 tons/ha of granite dust per 2kg of top soil), T2 (0.5 tons/ha of basalt dust per 2kg of
top soil), Tz (1.0 tons/ha ofgranite dust per 2kg of top soil), T4 (1.0 tons/ha of basalt dust per 2kg of top soil), Ts
(1.5 tons/ha of granite dust per 2kg of top soil), Te (1.5 tons/ha of basalt dust per 2kg of top soil), T7 (Control).
The experimentwas laid out in Completely Randomized Design (CRD). Data were collected on number ofleaves,
plant height (cm) and stem diameter (mm) for 8 weeks. Watering was done twice daily both in the morning and
evening. Data collected were subjected to Analysis of Variance (ANOVA) and there were no significant means
among the treatments. The result however showed T, (0.5 tons/ha basalt) had the best mean performance of
20.00cm and T3 (1.0 tons/ha granite) had the least mean performance of 16.30cm for plant height. For number
of leaves Ts (1.5 tons/ha granite) had the best mean performance of 12.00 and T1 (0.5 tons/ha granite) had the
least mean performance of 9.25, for stem diameter Ts (1.5 tons/ha granite) had the best mean performance of
5.31mm while T3 (1.0 tons/ha granite) had the least mean performance of 3.63mm, at 10 weeks after planting.
However, there were no significant differences among the treatment at 0.05 level of significance. Observing the
best performance from the parameter assessed using treatments including control, soil remineralization by rock
dust should be encouraged to enhance the early of Theobroma cacao. These rock dusts are readily available at
quarries and are environmentally safe.

Keyword: Rock dust, cocoa, early growth, measurement

INTRODUCTION

The cocoa plant was first given its botanical name by Swedish, Carl Linnaeus, where he called
it Theobroma ("food of the gods™) cacao. The cocoa tree is a small (13-26 ft tall) evergreen tree in the family
Malvaceae (RBG, 2018), native to the deep tropical regions of the Americas. Its seeds, cocoa beans, are used to
make cocoa powder and chocolate. It is a perennial tree crop that primarily comes from three tropical regions —
Southeast Asia, Latin America, and West Africa. Cote d’Ivoire and Ghana are the single largest producers of
cocoa. Other leading cocoa farming countries include Brazil, Cameroon, Ghana, Indonesia, and Nigeria (MCF
Campaign, 2013-2020). Cocoa trees grow in hot, rainy tropical areas within 20° of Ilatitude from
the Equator. Cocoa harvest is not restricted to one period per year and a harvest typically occurs over several
months. In fact, in many countries, cocoa can be harvested at any time of the year. Pesticide are often applied to
the trees to combat capsid bugs, and fungicides to fight black pod disease. The pods on atree do not ripen together;
harvesting needs to be done periodically through the year (Fawusi, 1983; Hawksley, 2001 and Hui, 2006).
Harvesting occurs between three and four times weekly during the harvest season. The ripe and near-ripe pods,
as judged by their colour, are harvested from the trunk and branches of the cocoa tree with a curved knife on a
long pole. Cocoa is grown on millions of small (1-2 ha) and medium-sized (4-5 ha), family-run farms worldwide.
Itis a highly labor-intensive crop. It is an important cash crop providing income to more than 4.5 million families
worldwide, yet the families who grow cocoa face challenges. Farmers must contend with severe crop loss due to
disease, aging tress, outdated farming techniques, and limited organizational support. Many farmers have virtually
abandoned their cocoa trees, only investing the bare minimum of time and money to maintain the crop (Sharaf et
al., 2005). This neglect has exacerbated many pest and disease problems such as cocoa capsids, cocoa swollen
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shoot virus (CSSV), and black pod disease. The negative impact of agriculture on soil quality is commonly known
and efforts must be made to mitigate and counter this effect especially conventional agriculture highly accelerates
soil erosion. Soil fertility and the amount of arable land continue to be diminished by mismanagement of soil
resources and bad agricultural practices (Pimentel et al., 1995). Soil remineralization creates fertile soils by
returning minerals to the soil which have been lost by erosion, leaching, and or over-farming. Soils organic and
sustainable farmers have long relied on rock dust, as an all-natural way to improve roots systems, increase yields,
and promote general plant health in a wide variety of crops and conditions.

Rock dust mainly consists of finely crushed rock that has been processed either by natural or mechanical means.
Itis an important additive to our very leached and mineral depleted soils (Wolfe et al., 2005). The igneous rocks,
basalt and granite, often contain the highest mineral content, whereas limestone, considered inferior in this
consideration, is often deficient in the majority of essential macro-compounds, trace elements, and micronutrients.
Basalt Rock dust is a natural soil additive that supplies many minerals, including magnesium, silicon,
phosphorous, sulphur, potassium, calcium, manganese, iron, cobalt, copper and zinc to the soil. Rock dust
increases the soil’s moisture holding properties, improves the soil structure and drainage, and also improves the
soil’s cation exchange potential. It is full of nutrients and adding it to soil will replenish all of the nutrients that
agriculture has taken out of our soil. Its ability to maintain soil biota environment makes it more suitable than
chemical fertilizers. (Wood et al., 2001). There is a dearth of information on the effect of remineralization by rock
dusts for the production of healthier cocoa seedlings and period spent in the nursery before transplanting. Hence,
this study seeks to document the effect of remineralization by rock dust on the early growth of cocoa (Theobroma
cacao).

METHODOLOGY

The experimental plot where the experiment was carried out is located at the Crop Production Technology
Department at Federal College of Forestry, Jericho, Ibadan, situated at Jericho Hill under Ibadan Northwest Local
Government Area of Oyo State. It lies at latitude7° 54! N and longitude 3° 341 E. The average annual rainfall range
from 1300mm-1600mm with an average temperature of about 32°C and average between humidity of 80-85%.
(FRIN, 2019). The materials used forthe experiment are cocoa seeds, granite rock dust, basalt rock dust, polythene
pots, watering can, field book, pen, hand gloves, sacks, tape rule and vernier caliper. The seeds of cocoa
(Theobroma cacao) was procured from Oyo State Agricultural Development Project (OYSADEP), Ibadan.

The basalt rock dusts and granite rock dusts were collected from the commercial quarries along Ibadan-Lagos
express way. The rock dusts (residual minerals fines) were collected manually from the ground underneath the
rock crushers where the finest dust tends to accumulate. After collections, the rock dusts were taken to Forestry
Research Institute of Nigeria (FRIN) soil laboratory to determine its physical and chemical composition.

A total of 28 Polythene pots were filled with soils and placed on the experimental field. Basalt and granite rock
dusts were added to 24 polythene pot filled with topsoil at different application rates (Boland et al., 2000), as
shown in the experimental layout key below. The granite and basalt dusts were mixed together with the top soil
and left for aday prior to planting. Four soil filled polythene pots were left undisturbed and these serve as control.
Watering was done twice a day (early in the morning and evening). Regular weeding was also carried out as when
necessary. The experimental layout was laid out in Completely Randomized Design (CRD), with four (4)
replicates as shown below:

Ti1R1 T3Rs3 TsRs3 T2R1
TeR1 T4R1 TeR3 T4R2
TsR4 T1iR2 T2R2 T3R4
TsR2 T7R4 TaR4 T7R2
T7Rs3 T2Rs3 T1Rs TeRa
T4R3 TsR1 T7R1 TsR2
T2R4 TsR2 TsR1 T1Rs
Where

T1=Topsoil + 0.5tons/ha of granite dust (85g of granite dust per 2kg of top soil).
T, =Topsoil + 0.5tons/ha of basalt dust (85g of basalt dust per 2kg of top soil).
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Ts=Topsoil + 1.0tons/ha of granite dust (170g of granite dust per 2kg of top soil).

T4 =Topsoil + 1.0tons/ha of basalt dust (170g of basalt dust per 2kg of top soil).

Ts =Topsoil + 1.5tons/ha of granite dust (255g of granite dust per 2kg of top soil).

Te =Topsoil + 1.5tons/ha of basalt dust (255g of basalt dust per 2kg of top soil).

T7 =Top soil (Control).

The growth parameters measured include, number of leaves, plant height and stem diameter. The measurement of
these parameters started by the third week after planting. Data collected were analysed using Analysis of Variance
(ANOVA). Differences between means were determined using the Least Significant Difference (LSD) test at 5%
level of significance.

RESULTS AND DISCUSSIONS

Pre planting soil analysis showing the physical and chemical properties of the soil is presented in table 1 above.
Fromthe analyzed result, the soil pH is slightly acidic (6.2), this is based on soil fertility classification established
for Nigeria soil by Esu (1991). The total Nitrogen is low (0.64 gkg-1) which is below the critical value of 1.50gkg-
1. The available phosphorus (3mgkg™1) and organic carbon (3.62g/kg) are also said to be low when compare to
their respective critical value of 7.0mg/kg and 10mg/kg respectively (Agboola and Ayodele,1985, FMANR,
1990).

The exchangeable cations of Na and K are also low while that of Mg (0.3cmol/kg™1) can be said to be moderate
using the critical value of Mg which is (0.28 cmol/kg-1). The extractable micro nutrients analysis shows that Mn
(96mgkg1), Fe (81 mg/kg?) and Cu (2mgkg) in the soil were within the critical value of 5-100 mgkg, 5-200
mgkg ™ and 1.2 - 2.0 mgkg-! respectively . Zn (7mgkgt) was found to be higher than the critical value of 1-5 mgkg-
1 (Agboola et al, 1976).

Table 1 Typical Physical and Chemical Properties of the Soil used.

Soil parameters Content in soil
pH (H20 1:1) 6.2

Organic Carbon (gkg™1) 3.62

Total Nitrogen (gkg-1) 0.64
Available Phosphorus (mgkg-1) 3.0
Exchangeable cations (Cmolkg-1)

Na 04

K 0.1

Mg 0.3

Ca 30
BExtractable Micronutrients (mgkg-1)

Mn 96

Fe 81

Cu 2

Zn 7

Particle size distribution (gkg™)

Sand 884

Silt 68

Clay 48

Textural Class Loamy sand

Source: Soil & Tree Nutrition Laboratory, FRIN.

Analysis showing the physical and chemical properties of the rock dust is shown in table 2 above. The pH of the
granite dust is 5.7 which are acidic and this is tantamount to the acidic nature of granitic rocks while the pH of the
basalt dust is 8.1 which are also tantamount to the basic nature of basaltic rocks. Both rock dusts have a high iron
(Fe) content (180 and 230mgkg1) because of the present of amphibole which is a mineral present in both granite
and basalt rocks. In the exchangeable cations, the Mg content which is from pyroxene (a mafic minerals found in
igneous) can be said to be higher in basalt dust (0.71Cmol/kg™t) than the Mg content in granite dust (0.35Cmol/kg).
The Na and the Cacontents are fromthe plagioclase feldspar minerals found in igneous rocks also. The Na content
is higher in basalt dust (1.01Cmol/kg-1) than in granite dust (0.98Cmol/kg-1), also the Ca content is also higher in
basalt dust (8.11cmol/kg™1) than in granite dust (4.09cmol/kg1). The potassium content found in the dust are from
orthoclase mineral (k-feldspar). The K content can be found to be higher in granite dust (0.45Cmol/kg 1) than in
basalt dust (0.30Cmol/kg-1). Nitrogen is known to be of little content in rock dusts generally and in some cases
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are not found in them. This contributes to the little content of the total Nitrogen in the analysis of both rockdusts
(0.26% and 0.28%). The organic matter content in the rock dust is found to be fromthe vegetations found on the
rock which can be said to have affected few parts of the rock. The organic matter content of basalt dust (6.04%)
is found to be higher than organic matter content of granite dusts (5.15%). The texture of the granite dust is
phaneritic indicating coarse texture while the texture of the basalt dust is aphanitic indicating fine texture.

Table 2: Typical physical and chemical properties of rock dust used.

Parameters Content.in Granite Content in
dust Basalt dust

pH (H20 1:1) 5.7 8.1

Organic Carbon (gkg1) 2.99 3.82

Organic matter(gkg1) 5.15 6.04

Total Nitrogen (%) 0.26 0.28

Available Phosphorus (mgkg1) 3.22 441

Exchangeable cations(Cmolkg™)

Na 0.98 1.01

K 0.45 0.30

Mg 0.35 0.71

Ca 4.09 8.11

Extractable Micro Nutrients (mgkg™)

Mn 4.02 4.02

Fe 180 230

Cu 2.6 2.8

Texture Phaneritic Aphanitic

Source: Soil and Tree Nutrition lab, FRIN

The mean analysis of the plant height at 3 to 10 weeks after planting (WAP) as shown in table 4.2. The result
obtained showed that there were no significant difference among the treatment of basalt, granite and control and
also between the application rates of each treatment at 0.5tons, 1.0tons/ha, and 1.5tons/ha. Also there was no
significant effect in the interaction of the treatment and the application rates. The 0.5tons/ha of granite produced
the highest mean of plant height after 10 WAP having 20.00cm and this higher when compared with mean of
plant height (17.69cm) of Prince et al., 2019 in Ghana while the least plant height was recorded in 0.5tons/ha of
granite at 3 to 10 WAP having 15.93 at 10 WAP. Fromthe result obtained the 0.5tons/ha and 1.0ton/haapplication
rate in granite and have lower means when compared to the control at 3to 10 WAP.

Table 3: Effect of Soil Remineralization by Basalt and Granite dusts on Plant Height of Theobroma cacao

Trt App rate 3 4 5 6 7 8 9 10
(tons/ha)

Basalt 0.5 12632 1343 15.25% 16.00% 17.83 18.45% 19.402 20.00?
1.0 1168  12.60° 1413 15.05% 15932 16.55% 17.282 17.932
15 1298  14.00? 15.08% 15932 16.45% 17.25% 17.752 18.75%

Granite 05 19.03¢  10.15° 11.05% 12.15% 12.95% 13.632 14.382 15932
1.0 10.65¢  11.33¢ 11.68° 12.75% 13.73¢ 14.60% 15.732 16.30%
15 13500  14.95 15.68% 16.582 18.502 19.15% 20.03 18.15%

Control 0 11632  13.107 13.78 15.05% 16.002 16.90% 17.552 18.45%

Sig Trt Ns Ns Ns Ns Ns Ns Ns Ns
App rate Ns Ns Ns Ns Ns Ns Ns Ns
Trt &rate Ns Ns Ns Ns Ns Ns Ns Ns

The result obtained showed that there were no significant differences among the treatment and among the
application rates. Also there were no significance in the interaction effect between the treatment and the
application rates. In the number of leaves the 0.5tons/ha and 1.0tons/ha of granite produce the least number of
leave at 3to 10 WAP and they are lower than the control treatments. The highest number of leaves was produced
in the application of 0.5tons/ha of basalt at 7 to 9 WAP while at 10 WAP 1.5tons/ha of granite produced the
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highest number of leaves having 12.00 leaves, and this is slightly lower when compared with the number of leaves
(12.33) of Olaiya and Fagbayide, 2016 in Abeokuta.

Table 4: Effect of Soil Remineralization by Basalt and Granite dust on Number of Leawes of Theobroma

cacao.

Trt App rate 3 4 5 6 7 8 9 10
tons/ha (WAP)

Basalt 0.5 2.75 4.252 4,500 6.0020 8.252 9.507 11.25% 11.25%
1.0 3.252 4.002 5.25? 6.0020 7.0080 8.25ab 9.502b 10.502
15 3.00? 4.252 4,75% 7.252 7.7580 8.502b 10.25% 11.00%

Granite 0.5 2.25 2,752 3.250 5.00° 6.000 6.75° 8.25b 9.25
1.0 2.75 3.752 4,25% 5.502b 6.5080 7.25° 9.00° 9.75
15 3.00? 4252 5.00? 5.25b 7.0080 8.502b 10.25% 12.00%

Control 0 3.252 4.002 4,500 5,758 7.0080 7.758% 10.00% 10.75%

Sig Trt Ns Ns Ns Ns Ns Ns Ns Ns
App rate Ns Ns Ns Ns Ns Ns Ns Ns
Trt &rate  Ns Ns Ns Ns Ns Ns Ns Ns

Table 5: Effect of Soil Remineralization by Basalt and Granite dust on Stem Diameter of Theobroma cacao
Weeks after planting

Trt App rate 3 4 5 6 7 8 9 10
Basalt 0.5tons/ha 0.33% 0.6680 1.02eb 1.302 1.202 2.22%b 3.342 4.48%
1.0tons/ha 0.29%0 0.57ab 0.86%0 1.122 1.43 2.19% 3.142% 4,212
1.5tons/ha 0.39% 0.78eb 1.16%b 1.532 1.68? 2.81a 3.26% 4.36%
Granite 0.5tons/ha 0.15P 0.30° 0.45P 0.612 0.972 1.952b 2.92b 3.880
1.0tons/ha 0.19% 0.392b 0.572b 0.652 1.072 1.81° 2.59p 3.630
1.5tons/ha 0.402 0.802 1.202 1.492 1.592 2.652 3.972 5.312
Control s0 0.31eb 0.61@b 0.91eb 1.232 1512 2.28eb 3.17eb 42580
Sig Trt Ns Ns Ns Ns Ns Ns Ns Ns
App rate Ns Ns Ns Ns Ns Ns Ns Ns
Trt & rate Ns Ns Ns Ns Ns Ns Ns Ns

The result obtained showed that there were no significant difference among the treatments, application rate and
the interaction effect. The mean performance in stem diameter showed that at 7 to 10 WAP the 1.0tons/ha of
granite application produced the lowest stem diameter having 3.63 at 10WAP while 1.5tons/ha of granite had the
highest at 5.31 at 10 WAP but this is lower when compared with stem diameter (7.00) of Olaiya and Fagbayide,
2016. The control treatment have higher means than 0.5tons/ha and 1.0tons/ha of granite application. (4.25)

CONCLUSION

Theobroma cacao seeds were planted at nursery stage using rock dusts (granite and basalt dusts) as soil
remineralization agents. The parameters studied showed that basalt and granite dust performed better than the
control when considering the days of emergence. Forthe plant height, basalt dusts performed best when compare
with other treatments (granite and control). Granite rock dust (1.5tons/ha) performed best considering the number
of leaves and the stem diameter when compared with other treatment media (basalt dust and control). It can thus
be concluded that granite and basalt rock dust used forsoil remineralization performs betterthan controlin nursery
stage preparation of Theobroma cacao. For the improvement of early growth of Theobroma cacao (cocoa), it is
thus recommended that rock dust being a natural remineralization agent has the essential nutrient in enhancing
the planting of Theobroma cacao at the nursery stage before transplanting to the field.
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Abstract

Technological development creates new opportunitiesand structureswhile it modifies and adds value to existing
ones. Despite the importance oftechnological development, it hasrarely been the focus of research in the forestry
literature. It is often taken with levity without depth. Thisisprobably partly due to the difficulties related to the
phenomenon itself. The scope oftechnological development and its impactsare often dauntingly large. Take for
instance, Information Communication and Technology (ICT). How to study such a vast phenomenon? On the
other hand, forest researchers are rarely experts on technology development issues and therefore, may find the
topic out oftheir scope. This study sheds light on, Geographic Information System, Cut to Length System, Remote
Sensing and Information Communication and Technology (ICT) as focus on new approachesand technologiesin
Sustainable Forest Management. We know however, that technologies such as ICT and biotechnology are having
and will have transformational impactsto the global forest sector. For example, technological changes may alter
forest industries, aswell as forest management, utilisation and growth. It is an attempt to link forest governance,
forest sectoreconomics, policies, social issues, forest inventories and other forest issuesin the modernworld. The
aim of this review is this is to analyse the impacts and challenges of technological change on the forest sector.

Keywords: Technological development, biotechnology, remote sensing, information, communication,
technology

INTRODUCTION

It is well known that forests provide both tangible and intangible benefits. These benefits may be classified
according to ecological values such as: climate stabilization, regulation of water cycles, improved biodiversity,
purification of air, Carbon dioxide sinks, potential source of new products for the pharmaceutical industry, soil
enrichment and protection, social values recreational and leisure area, landscape and employment, also economic
values such as, timber, non-wood forest products and employment. Although forests have traditionally been
managed by society, it is expected that the current growth in the world population (now > 7,000 million people)
and the high economic growth of developing countries will lead to greater use of natural resources and of forest
resources in particular.

The total forest area worldwide, previously estimated at 4 billion hectares, of the 51.01 billion hectare of the earth
surface has decreased alarmingly in the last two decades. The rate of deforestation and loss of forest from natural
causes has slowed down from 16 million hectares per year in the 1990s to around 13 million hectares per year in
the last decade (FAO, 2011). Nevertheless, the loss of forest varies according to the region, and while the forest
area in North America, Europe and Asia has increased in the past two decades (1990-2010), it has decreased in
other regions such as Africa and Central and South America, and to a lesser extent Oceania. As of 2005, Nigeria
has the highest rate of deforestation in the world according to the Food and Agriculture Organization of the United
Nations (FAO, 2011) Between 2000 and 2005 the country lost 55.7% of its primary forests, and the rate of forest
change increased by 31.2% to 3.12% per annum. Forest has been cleared for logging, timber export, subsistence
agriculture and notably the collection of wood for fuel which remains problematic in western Africa. In 2005
12.2%, the equivalent of 11,089,000 hectares (27,400,000 acres) had been forested in Nigeria. Between 1990 and
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2000, Nigeria lost an average of 409,700 hectares of forest every year equal to an average annual deforestation
rate of 2.38%. Between 1990 and 2005, in total Nigeria lost 35.7% of its forest cover, or around 6,145,000 hectares

There is a growing public concern about the importance of the environment and its protection, as manifested by
the fact that the total area of forest within protected systems has increased by 94 million hectares in the past two
decades, reaching 13% of all the world’s forests. Moreover, designated areas for conservation of biological
diversity and for protection of soil and water account for 12 and 8% of the world’s forests, respectively (FAO,
2010, 2011). Nevertheless, other statistics such as the disturbing decrease in primary forests (40 million hectares
in the last decade) and the increase in planted forests (up to 7% of the world’s forests) (FAO, 2011) appear to
indicate that to achieve forest sustainability, we must go beyond analysis of the changes in the total forest area
worldwide.

The concept of sustainability began to increase in importance at the end of the 1980s and at the beginning of the
1990s with the Brundtland report (1987) and the Conference on Environment and Development held in Rio de
Janeiro, Brazil, in 1992 (the so-called Earth Summit), respectively. Nevertheless, the need to preserve natural
resources for use by future generations had long been recognised. The negative influence of past use of forest
resources, as well as the needs for continued use of these resources for future generations was already noted as
early as the 17th century (Glacken, 1976, as cited in Wiersum, 1995). However, it was not until the 18th century
that the concept of sustainability was specifically referred to, as follows: “every wise forest director has to have
evaluated the forest stands without losing time, to utilize them to the greatest possible extent, but still in a way
that future generations will have at least as much benefit as the living generation” (Schmutzenhofer, 1992, as cited
in Wiersum, 1995). This first definition was based on the principle of sustainable forest yield, with the main goal
being sustained timber production, and it was assumed that if stands that are suitable for timber production are
sustained, then non wood forest products will also be sustained (Peng 2000). This assumption focused on the
sustainability of the productive functions of forest resources, while other functions such as ecological or socio -
economic functions were largely overlooked. This occurred because social demands for forests were mainly
utilitarian. However, increased environmental awareness and improved scientific knowledge regarding
deterioration of the environment have changed society’s values and the global structural policy, which in turn
have significantly influenced forest management objectives in 20th century (Wang and Wilson, 2007).

Nevertheless, nowadays more and more researchers think climate change is changing the paradigm and
sustainability should not be referred to what we had before. Although there is no universally accepted definition
of Sustainable Forest Management (SFM), the following concepts are widely accepted: “the process of managing
permanent forest land to achieve one or more clearly specified objectives of management with regard to the
production of a continuous flow of desired forest products and services without undue reduction of its inherent
values and future productivity and without undue undesirable effects on the physical and social environment”
(International Tropical Timber Organization: ITTO, 1992), and “the stewardship and use of forests and forest
lands in a way, and at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality and
their potential to fulfill, now and in the future, relevant ecological, economic and social functions, at local,
national, and global levels, and that does not cause damage to other ecosystems” (Second ministerial conference
for the protection of the forest: MCPFE, 1993). The latter concept harmonizes ecological and socio-economic
concerns at different scales of management and for different time periods. Nevertheless, both concepts are just
refining the definition of sustainable development given by the Brundtland Commission (1987) “development that
meets the needs of the present without compromising the ability of future generations to meet their own needs”
to apply it to forests.

MODERN TECHNOLOGIES AND APPROACHES IN SUSTAINABLE FOREST MANAGEMENT
Unprecedented technological development in the 21st century has led to its application in a number of fields and
the forestry industry is not an exception. These newtechnologies are used world over, Nigeria is not an exception
since the world is a global village. Technology has been relied on in the quest for sustainable
forestry (recycling, shift fromnatural forests to plantations, reduced impact logging), biotechnology has been used
for the genetic improvement of forests and plant cloning, while biomass conversion technologies have been used
to turn biomass into energy. However, its impact on the forestry sector still has not been fully investigated, one of
the reasons being that forest researchers are not so tech-savvy. In a similar vein, technological development can
be too fast to track all of its impacts and its scope too large to keep an eye on all significant changes. Sequels to
that fact, shown below are the new technologies in sustainable forest management in Nigeria:

Geographic Information System (GIS)
Geographic Information System is a computer system used for mapping and geographical analysis by capturing
and displaying data related to positions on Earth’s surface. Since it can make use of any information containing
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location it improves the process of decision-making as well as communication, so it is used across multiple
industries, including forestry. The data it collects helps to discover: location of endangered species and habitat
classification, the size of the forest area and forest cover type. This tool relies on Global Positioning System (GPS)
making it suitable to operate with location data such as: latitude, longitude and altitude- each of themused in
forest management.

Cut-To-Length System

Used primarily in Europe, it can also be adopted and adapted in Nigeria. It involves a cut-to-length system that
has proven ecological and economic advantages when compared with more traditional harvesting systems. It
operates with a harvester topped with a processor head, used to grab a tree and cut it off before it hits the ground.
Its main component is a computer, measuring the tree and cut lengths, making it possible to delimb a tree and
buck it while it is still gripped by a processor head. After that, a forwarder is used to pick up the logs, load them
and remove them from the site instead of dragging them. The main advantage of this system is that it processes
the tree right there, in the woods, causes less damage to other trees, improves personal safety and reduces erosion
by picking up and loading instead of dragging.

Remote Sensing

This type of technology encompasses a number of different devices and approaches such as synthetic aperture
radar, aerial photography or satellite images and what they all have in common is that they are used to measure
objects by use of a photogramme without touching them. These methods are able to provide much more detailed
images, but their downside is that they are mostly used only regionally and locally covering only leaf area
development so, in order to improve remote sensing efficiency and scope, it should be combined with Geographic
Information System and Geographic Positioning System (GPS) data.

Phytoremediation Technology

Phytoremediation refers to the use of woody plants to clean the environment by decontaminating it. Plants are
used to “accumulate toxic metals and organic pollutants from contaminated soils and water for cleanup
purposes and as such, they are less invasive than traditional methods such as land filling (Das, P.K., 2018).
Phytoextraction removes toxic metals by accumulating themin the biomass of plants while phytodegradation uses
plants to degrade the pollutants. These two are the most commonly used forms of phytoremediation.

INFORMATION COMMUNICATION AND TECHNOLOGY (ICT)

Globally, monitoring and managing of forest resources have been effectively handled by establishing a robust
Geographic Information Systems (GIS) that is nowa cornerstone for most forest management information systems
in the world (Jacob and Olajide, 2011). In Nigeria, the use of GIS is still limited to a few institutions and yet it
could have wide impacts on the forest sector, from silviculture to the marketing of forest products and the
recreational use of forests. New innovations such as mobile telephones have been widely adopted by institutions
but there have been unexpected consequences. Forexample, illegal trade is on the increase because of introduction
of mobile phones (improved communication among illegal dealers). At the international level, companies in the
wood products industry use e-business solutions in many tasks right fromdesign and product development through
to supply chain management, promotion, and sales (Nsita, 2010). The launching of the internet has also seen the
emergence of electronic magazines and increased electronic depositories of documents, and the reduced role of
the library (Agyeman, 2007). Today, there are new insights into how ICT development could change strategies
for acquiring information for preparing forest management plans: soil type, topography, wildlife, growth and
yield, and marketing (Nsita, 2010). The tools used to collect and manage the information have changed
dramatically over time, with ICT development assisting the rapid assessment and integration of data from multiple
sources. ICT has been an essential driving force in putting across advocacy messages. With the help of electronic
media and the Internet, issues such as degazettement of forests and public enlightenment will gain much wider
audience and attention than the conventional print media.

Moreover, the forestry sector can utilize ICT to increase productivity and improve marketing. The Internet is
becoming the primary method for sharing information, including forestry related information. The forest industry
can use the internet to communicate with clients, share information about products, and support other business
activities. E-mail and Web pages are becoming popular and will serve to increase productivity and
competitiveness. Social communication facilities such as Facebook are also used for forestry businesses (Nsita,
2010). At the community level, there is a big “digital divide”. Communities are continuously seeing themselves
as secondary beneficiaries as there is limited access to internet and use of sophisticated technology such as GIS
and GPS. However the most appropriate means to reach the communities is through FM Radios, which broadcast
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in local languages that are easily understood by the communities. There is also a proliferation of mobile phones
that can be used as a means of reaching the communities.

FOREST INFORMATION DISSEMINATION AND ICT APPLICATION

The E-government strategy framework of the Nigerian government is aimed at improving the efficiency of and
access to information. Furthermore, access to information in the forest sector has remained defective. Institutions
with forestry information especially in developing countries seldom attach patent rights and ask for cost recovery
fees, even for information already paid for by government and development partners (Nsita, 2010).

The Nigerian Telecommunications Act, 2003 established the Nigerian Communications Commission (NCC).
They are saddled with the rights and duties of the state, enterprises, institutions, organizations and individuals in
the use and management of the means of communication, in the establishment and management of
communications networks, in rendering of communications services as well as the general responsibilities if there
is violation of the law. The forest sector has not exploited this opportunity in the use and management of its
information dissemination. For example dedicated radio systems, TV, Satellite and FM Radio Station can be used
for publicizing and tracking illegal activities. The Press and Information Bill had been enacted into law since
2011, yet, forestry has the least share in the print and electronic media. There are ample opportunities for forest
resources managers to advocate for more space to cover issues of forest sector development in the Nigerian media.
However, the forest sector managers in the country have not exploited these opportunity to attract media coverage.

FOREST DECISION MAKING PROCESS AND ICT APPLICATION

With the above mentioned legal frameworks in place, one would assume there is a conducive environment for
conducting forestry business electronically and using ICTs in facilitating improved governance of the forestry
sector in the country. Logically, this should bring about efficiency in the forestry sector — minimizing costs,
streamlining bureaucratic procedures, making operations more efficient, freeing up resources and enabling sector
institutions to deliver services in a better organized and economic manner. Mainstreaming ICTs in the sector
would promote effectiveness leading to better results and meeting development goals, increase the relevance of
the sector by facilitating increased participation, resource allocation, responding to issues in a timely manner
(Nsita, 2010).

Moreover, the use of ICTs would empower the public through increased awareness and increased contribution to
the development process, thus, making ICT a partner of choice for economic and social development. It is also
about opportunity for improved forestry business and attraction of investment. Considering the huge benefits that
could be derived fromthe application of ICT in our decision making process in the forestry sector, the question
is; why has the use of ICTs and ICT related products been neglected in ourdecision making process in the country?
Who are those influencing the decision making process and what are their interests? This is food for thought.

IMPACTS OF NEW TECHNOLOGIES ON SUSTAINABLE FOREST MANAGEMENT

Technology and innovation are important features of sustainable forest management and the forest industry
offering important contributions to achieve advancements in science and technology revolutionizing forest
management, as well as forest products processing and production systems; delivering material efficiency,
improving productivity, creating new products and monitoring forest areas including forest health — in real time.
Innovations impacting forestry can be categorized into two types: (i) those developed outside the forestry sector,
for example, information and communications technologies (ICTs) as well as geospatial technologies; and (i)
those developed within forestry, for example, production of new-generation wood-based materials such as
engineered wood products, bioplastics, natural chemicals, bioenergy products and pharmaceuticals. For the past
two decades, ICTs have significantly impacted on forests and forestry. ICTs have improved forest management,
enhanced productivity and reduced production costs in forestry. ICTs have mainly been applied in mapping and
monitoring of forest resources, and in communicating and raising awareness of key forestry issues contributing to
sustainable forest management. However, their use for a wide range of other purposes is impacting on many other
aspects of forestry. ICT-enabled timber tracking technologies (for example, radio frequency identification labels
and chips) and platforms are being deployed to better track timber supplies and prevent illegally sourced timber
from entering supply chains. ICT-enabled digital media and e-commerce are changing demand for paper and
paperboard. For instance, as people increasingly access news fromelectronic media, global demand for newsprint
has declined from 31 million tonnes in 2012 to 24 million tonnes in 2016(Source?. ICT-enabled mobile services,
financial services and e-commerce are facilitating the ease of access to information on weather, pest recognition,
transport and shipping logistics, price and market data, service innovations such as payment transfers, financial
products (such as insurance and credit payments) and streamlining business to business value chain
communications and interactions.

ICTs are key enablers for biotechnology, nanotechnology, and emerging technologies such as artificial
intelligence, machine learning, drones or unmanned aerial vehicles (UAV), IOT (internet of things) sensors, and
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block chain. These technologies could potentially transform forest management in the future. Some are already
being adopted and deployed in forestry, primarily in developed economies, though also in rapidly industrializing
developing countries. As ICTs evolve and develop over time, their impacts on forestry are likely to accelerate and
transform the sector. However, the scope and directions of these future impacts on forestry are unpredictable,
especially changes at the cutting edge of forestry. The rate of uptake of new technologies, particularly in
developing and least developed countries in Asia and the Pacific, will also be a significant factor in the overall
development of forestry in the region. Among the greatest and potential beneficiaries from ICT developments in
forestry are small, medium and micro enterprises (SMEs) and local communities. Sustainable Development Goals
(SDG) target 9.3 aims at the integration of small scale enterprises into value chains and E-commerce potentially
holds a key for linkihg SMEs to global niche markets; thereby increasing revenues and profitability. ICT
developments that enable global communications, transactions and financial management to be carried out on a
single portable device are offering tremendous prospects for small and isolated rural enterprises and communities
to connect with the commercial world. In a separate development, greater use of the internet and mobile devices
is empowering local communities to monitor forests and report forest crimes. ICTs also offer significant potential
for management and information sharing among private sector and smallholder networks and for provision of
rural advisory services.

Geospatial technologies in forestry

A distinct class of information technologies are geospatial technologies (remote sensing, global positioning
systems and geographic information systems), which continue to play a significant role in forest and landscape
management, enabling collation of detailed forest inventory data, monitoring of forest health, wildlife and natural
disturbances and assessment of forest structures in support of sustainable forest management. Recentadvances in
cloud-based geospatial technologies, such as FAO’s Open Foris and SEPAL (System for Earth Observation Data
Access, Processing and Analysis for Land Monitoring) systems, have led to an increase in open scientific data for
use beyond academia, by policymakers and field practitioners.

Risks and challenges inherent in adopting new technologies in forest management in Nigeria

Technological advances will continue to provide opportunities and offer novel solutions to challenges globally in
the forest sector (FAO, 2010). However, the benefits and trade-offs arising from potential transformations
(brought about by technological advances) in forestry, especially for the developing and least developed
economies in the region, are yet to be fully analyzed. There is significant potential for new technologies to rapidly
change labour markets, creating jobs in some areas and unemployment in others. For example, in many developed
economies, especially, job losses in forestry ‘mill towns’ have eroded whole communities, often because forest
resources have been depleted, but also where automation has substituted for human labour. The continuing rise of
social media may similarly pose opportunities and challenges for sectors such as forestry. As social media has
become a primary news source for literally billions of people, new ways of communicating on forestry aspects
are available. This allows sharing of evidence-based information, to help shape and change public opinion,
including the social acceptance of forestry management practices.

CONCLUSION

The importance of Information Communication and Technology (ICT) and other modern approaches highlighted
for sustainable forest management are recognized globally and continued propagation of the ICT technologies is
required in Nigeria. Increased penetration of ICT in forest sector could make a greater impact and change the
status of forest management. However, such a realization could only be possible by overcoming the existing
impeding constraints while taking advantage ofthe available opportunities. The forest sectorin the country needs
to take a systemic approach to ICTs application in its daily management. This will help in handling information,
considering that most of the time data is not available. Forest sector agencies must be able to trackthe entire forest
management and administration chain to ensure data delivered by ICTs is accurate and can actually be used and
acted upon. It is also important that they become

information-centered, recognizing that the value of ICTs comes from their new abilities to handle information and
make it readily available for decision making. This is the way forward if the forest sector institutions are to
contribute towards improving governance of the sector and contributing meaningfully to the national economy.
There is also the need to reflect upon the complexity of the environment surrounding use of ICTs before
investment. An integrated approach that requires the use of a full range of technologies to acquire, store, process
and disseminate information is imminent. Not just digital ICTs but also the intermediate such as radio, TV,
telephone, books, newspapers, manuals, internet based website and e-mail, and the use of telephone systems. In
order to initiate action and develop lasting ICT activities in the forest sector, it is necessary to start with small
management units learn from implementation the experiences and gradually expand to cover the entire country.
The main approach would require decentralized trial runs to take advantage of the different local conditions.
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Abstract

Agroforestry, a natural resources management system through the integration of trees on farms and in
agricultural landscape diversifies and sustains production for increased socioeconomic and environmental
benefits for land users was assessed. The study was carried out in Wukari LGA, Taraba state, Nigeria, situated
in the Guinea Savanna ecological zone. Data were collected with pre-tested questionnairesadministered to 120
farmers -household heads, randomly selected from twelve villages in Wukari local government area. Information
was gathered on farmers’ awareness and involvement in agroforestry systems, type of the system adopted, tree
species commonly planted or retained and other information relevant to the study. Data were analyzed using a
descriptive statistics, t-test and y2 model. Results revealed that the primary occupation of the majority of the
respondents (83%) is farming. Land acquisition is majorly through inheritance (40%), followed by those who
lease their land from land owners (34%). Farmers (96%) were aware of agroforestry practices, few farmers
(26%) were involved in deliberate planting of treeson their farmland, while (93%) retain and take care oftrees
on their farmland for edible fruits production, shade during farming activities, and increased crop yield. Among
the adopted agroforestry practices are alley cropping, improved fallow, scattered trees on farmland, live fences
and home gardening. Agroforestry benefits in the study area are crop protection, increased soil fertility,
generation of additional income, biodiversity conservation. There is a need to educate the farmers about the
intricacies ofagroforestry systemand make available genetically improved seedlingsthat cou Id address the issue
of long gestation period.

Key words: Agroforestry, gestation period, biodiversity, seedlings

INTRODUCTION

Agricultural production, mostly crop cultivation, has remained a significant and important component of the
human population due to its strategic role of providing food supply to the entire human race (FAO, 2017).
However, this system had severe repercussions on land resources, as the land's continuous tillage easily loosens
the soil and results in soil erosion and large-scale environmental degradation (Tully, 2015). The breakdown of
traditional systems of agriculture such as rotational bush fallow and shifting cultivation, due to population
pressure, has compelled peasant farmers to continuously cultivate the land, damning the consequences of loss in
soil fertility, soil erosion, and reduced productivity (Beets, 1990; Kang et al., 1999). Besides, most traditional
agriculture systems are largely characterized by clearance of vegetation, most especially woody perennial, are not
without repercussions. These traditional systems have been confirmed to result in lower potential productivity,
reduction in leaf area index, and groundwater recharge, disruption of soil ecology, breakdown of nutrient cycling
and increase in soil erosion, siltation of dams and reservoirs, destruction of wildlife habitats, loss of plant and
genetic diversity (Shihata, 1991). However, integration of trees with monoculture crops and animal rearing is
considered an appropriate strategy capable of bringing about a balance in the ecosystem, especially in already
degraded environments and areas threatened by land degradation (Chukwujekwu, 2010). The combination of tree
production with annual crop cultivation and the rearing of animals on the same piece of land could enable
interaction between the various components, which bring about stability of the soil and equally enhance increased
productivity (in terms of harvests). Agroforestry is a dynamic, economically based, natural resources management
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system, through the integration of trees on farms and in agricultural landscape diversifies and sustains production
for increased social, economic, and environmental benefits for land users at all levels (ICRAF, 1997). This system,
known as agroforestry, therefore does not only ensure the stability of land resources but could also be used as a
means of controlling large-scale erosion, reclaiming degraded lands, as well as improve food production
(Sekhwela, 1990; Stocking et al., 1990; Gordon et al., 1997). It is against this background that this study aimed
at assessing the agroforestry Practices as Land Use Systemwith a view to gain insight into the level of adoption
and possible ways of enhancing the systemin Wukari Local Government, Taraba State, Nigeria.

METHODOLOGY

The study area: the present study was carried out in Wukari Local Government Area in Taraba State, Nigeria. The
State is located in the northeastern part of Nigeria and is the second-largest in the country in terms of landmass
(Oruonye and Bashir, 2011). It lies between latitude 6° 30’ and 8° 30’ north of the equator and longitude 9° 00’
and 12° 00’ east of the Greenwich meridian. The State has an area of 4,308km? with a population of 241,546
(NPC, 2006) and comprises sixteen Local Government Areas (LGAs) and three senatorial districts (Taraba North,
Central, and South). Moreover, it is regarded as Nature's Gift to the Nation because of its abundant natural resource
endowment. Agriculture is the major occupation of Taraba State people, particularly the rural dwellers hence it
is regarded as agrarian community (Oruonye and Abbas, 2011). The State is blessed with a climate and vegetation
types that cut across the country, ranging froma more humid climate and forest vegetation in the south to a more
seasonal wet and dry climate and savanna vegetation in the north. The vegetation type favors the growth of tree
crops such as palm oil, banana/plantain, and orange. Root crops in the State include cassava, potato, and yam,
while cereals include maize, rice, millet, sorghum, and guinea corn. A multistage sampling technique was used
for selection of sample site in Wukari Local Government Area of Taraba state. From the two exsting
constituencies, which has five wards each. 30% sampling intensity was used to select three wards from each of
the constituencies. Two farming communities were randomly selected fromeach of the sixselected wards making
a total of 12 communities. Questionnaires were administered to a total of 120 farmers in the local government
area. Data were collected through the administration of pre-tested and validated semi-structured questionnaires
with a reliable correlation coefficient (r = 0.85). Data obtained were analyzed using descriptive statistics that
include frequency distributions, means, and percentages. T-test and Chi-square (y2) was used to test for the
presence of associations in the variables obtained.

RESULTS AND DISCUSSION

Table 1 shows the gender, marital status, family size, educational qualification, land acquisition mode, farming
experience, and farmers' farmsize. The results show that (75%) of the respondents were male while (25%) of the
respondents were female (Tablel). The results of the t-test show a significant difference (P<0.05) in gender
distribution among the respondents. The proportion of male respondents was significantly higher than those of
females, which indicates that farming predominantly male occupation in the study area. More so, women are
considered subordinate to their male counterparts in the study area and reflect cultural beliefs in the region These
findings corroborate the assumption by Babalola (2014) that the most general opinion, especially in Northern
Nigeria, is that women are better suited as home keepers and are less interested in farming activities than their
male counterparts; thus, very few women approved to be interviewed. Sixty-five percent (65%) of the farmers
were married, with only (9%) being single. The result revealed that divorcees and widows/widowers are also
involved in farming activities in the study area. Forty-three percent (43%) of the respondents had a family size of
above 13 persons, while 27 % had between 10-13 persons and the least represented range was 3-5 persons in the
family. The size of the farming household in the study area reflects that of African settings where family members
are large to provide sufficient labor for farm work. Sobola et al. (2015) and Adekunle (2009) also reported similar
findings in Osun State and Ondo State respectively. Sixty-six percent (66%) of the farmers in the study area were
above 3lyears of age, 24% were within the age group 21- 30 years, while 11% were below 20 years of age. It was
noted that the key occupation of respondents in the study region was agriculture (83 %), followed by trade (8 %),
and 6 % were civil servants, which only reinforces the assertion that the State of Taraba is an agrarian nation.
Oruonye and Abbas (2011) also reported that agriculture is the main occupation of Taraba State people, especially
in rural areas. Among the crops raised in the study area are; cassava, potato, yam, maize, rice, millet, sorghum,
and guinea corn. Farmers with good land tenure systems also propagate and tend cash crops such as; coffee, tea,
and groundnuts.

Education has been said to play a very important role in the growth of society, as it acts as a link to national
development. The level of education can directly influence one's ability to respond to change and to embrace new
ideas hence, the respondents' educational status in this study reflects that twenty percent (20%) had no formal
education, (25%) had tertiary education, while 55% had one form of education. The %2 test results (significant at
p<0.05) show a significant difference in farmers' educational status in the study area. Variation exist in the mode
of land acquisition in this study. (40%) of the farmers obtained their farmland through inheritance from their
forefathers; such farmlands are usually very small as the initial parcel of land is normally shared among many
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children. Sixteen percent (16%) of the respondent farms on land owned by the community, while some (10%)
indicated that they are farming on a parcel of land belonging to the government. However, land acquisition through
personal purchase is very negligible (3%) in the study area.

Table 1: Socio-economic Characteristics of Respondents in the Study Area

Variables Frequency Percentages
Sex

Male 90 75

Female 30 25

t.test results
P value- 0.000, (df- 119)* significant ( P<0.05)
Marital Status

Married 78 65
Single 11 9
Divorced 19 16
Widow/Widower 12 10
Family size

35 7 6
6-9 27 24
10-13 32 27
Above 13 52 43
Educational qualification

No formal education 24 20
Adult education 19 16
Primary education 11 9
Secondary education 36 30
Tertiary education 30 25

P-value — 0.004, (df — 4) * significant (P<0.05)
Major Occupation

Farming 100 83
Civil servant 7 6
Trading 8 7
Craft man 5 4
Mode of land acquisition

Lease 41 34
Inheritance 48 40
Purchase 3 3
Government land 12 10
Communal land 16 13
Farming experience

Below 5 years 14 12
5-10 years 32 27
11 - 15 years 22 18
16-20 years 40 33
Above 20years 12 10
Farm Size

0 - 0.5ha 11 9
0.51 — 1.00ha 34 28
1.01 - 2.00ha 31 26
2.01 — 3.00ha 30 25
Above 3.00ha 14 12

Table 2 shows farmers' awareness of Agroforestry practices, tree retention, and deliberate planting of trees on
cropland in the study area. Ninety-six percent (96%) of the farmers in the study area claimed to be aware of
Agroforestry practices in the study area, while very few 4% confirmed that they were ignorant of the practice.
The chi-square (¥2) result shows that farmers' educational status had a significant relationship (P<0.005) with
the awareness of agroforestry practice in the study area. Since most of the farmers had one level of education or
the other, this, in turn, had a positive effect on their awareness and eventual adoption of the practice. Similarwork
by Sobola et al. (2015) confirms that farmers with formal education are more involve and usually active in
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Agroforestry practices in Osun state, Nigeria. The result also indicates that the awareness of agroforestry practice
with its resultant benefits reflects the retention of trees on farmland during land preparation. Ninety -three percent
(93%) of the respondents retain trees on their farmland, probably because they were aware of the socio -economics,
ecological, and environmental potential of trees on farmland. Those who indicated no retention of trees on
farmland were majorly those with very small landholdings, who held a view that trees occupy a large land area
and could constitute hindrances to crop growth and productivity because of their canopy. These findings support
Adekunle (2009) that some groups of farmers were unwilling to retain or plant trees because of the negative notion
they had about the presence of trees on farmland. Deliberate planting was negligible (26%) in the study area; the
retention of trees on farmland was the commonest agroforestry practice in the study area.

Table 2: Farmers Awareness of Agroforestry Practices

Awareness of Agroforestry Practice Respondent Percentage (%)
Yes 115 96

No 5 4

Deliberate retention of trees on farmland

Yes 112 93

No 8 7

Deliberate planting of trees on farmland

Yes 31 26

No 69 58

Adopted agroforestry practices in the study area are presented in Table 3. Deliberate retention of trees on farmland
during land preparation was the most common agroforestry practice in the study area. The majority (96%) of the
respondents usually retain valuable and economic trees on farmland during land preparation, most especially fruit
trees that produce fruits, seeds, and nuts that could supplement feeding and generate income during the off-season
of crops. Few of the species, which are timber species and some exotics, were also retained by farmers to serve
as shade, erosion control, and protection for the crop. These findings align with Banjo et al., (2013), who found
out that deliberate retention of trees on farmland was the most common among farmers in Oyo State, Nigeria.
Another system, widely adopted by farmers in the study area is home garden (83%). The high level of adoption
can be attributed to the proximity to farmers' homes and the intimate mix of diversified crops and multipurpose
trees that meets the fundamental needs of farmers' household. Nair's (2000) reported that high adoptability of
home garden is because it has a greater diversity of production and higher net income, which is continuous
throughout the year. However, 77% of the respondents adopted the scattered tree system on farmland, which is
also referred to as the Parkland system and it’s characterized by the deliberate retention of trees on cultivated or
recently fallowed land.

Trees are an integral part of the system, providing food, fuel, fodder, medicinal products, building materials, and
saleable commodities, contributing to the maintenance of soil fertility, water conservation, and environmental
protection. Researchers (Nikiema, 2005; Fischer et al., 2010; Sobola, 2015) have identified that this system
governs much of the biodiversity and ecosystem services on farmlands. Live fencing is another important
agroforestry systemadopted by 74% of farmers in the study area. This systemenables farmers to demarcate and
fence their farmland at minimal cost, protecting the farmland from intruders. The system has been reported by
various authors (Vihi, 2019; Sobola, 2016; Adedayo and Sobola, 2014; Alao, 2014) as being capable of land use
diversification, soil conservation, and improvement while ensuring an adequate supply of fuelwood and poles for
the local community. Forty-two percent (42%) of the respondent also adopted improved fallow, which involves
using fast-growing trees, shrubs, or vines on land during the fallow period; the resting period allows natural
processes to restore productivity of degraded or damaged land. Authors (Oke, 2008; Adekunle, 2009 Sobola et
al., 2015) had observed that this method has become unsustainable as the pressure on land is increasing daily,
leading to shortening of fallow period, consequently lack of adequate time for the resuscitation of lost soil fertility.
Other systems adopted in the study area are; silvopastoral system (56%) and alley cropping (21%)

Table 3: Adopted Agroforestry Practices

Agroforestry Practices Respondent Percentage (%)
Alley Cropping 25 21
Improved fallow 50 42
Retaining trees on farmland 115 96
Live fences(boundary planting) 89 74
Home gardening 100 83
Apiculture 51 43
Silvopasture 67 56
Scattered trees on farmland 92 77
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The major benefits derived from agroforestry practice is presented in Table 3. Farmers attested to the fact that
trees in the agroforestry system give protection to crops (73%), control erosion (65%), serves as a windbreak
(48%), generate additional income (82%), mitigate climate change (56%) and provides shade (85%) for crops and
farmers during the heat period. Steffan-Dewenter et al. (2007) stated that the integration of trees into the farming
system increases farm productivity when the various components occupy complementary niches and their
associations are managed effectively. Species retained by farmers include Prosopis africana, Albizia lebbeck,
Daniella Oliveri, Vitellaria paradoxa, Detarium microcarpum, while species such as Citrus sinensis, Mangifera
indica, Psidium guajava were planted by farmers (Table 4).

Table 3: Benefit Derived from Trees in Agroforestry System

Benefit Derived from Trees in Agroforestry System Respondents Percentage (%)
Protection of crops 87 73
Control of erosion 78 65
Serves as wind break 57 48
Generate additional income 98 82
Mitigate climate change 67 56
Provision of shade for crops and farmers 102 85

Table 4: Agroforestry Tree Ppecies Retained/Planted in the Study Area

Tree Species Family Life Form
Daniella oliveri (Rolfe) Hutch. & Dalziel Leguminosae Tree
Prosopis africana (Cuill. et Perr.) Leguminosae Tree
Albizia lebbeck (L) Benth Fabaceae Tree
Moringa oleifera Lam. Moringaceae Shrub
Detarium microcarpum Guill. & Perr. Leguminosae Tree
Vitex doniana Sweet Verbenaceae Tree
Annona senegalensis Pers. Annonaceae Shrub
Parkia biglobosa (Jack.) Fabaceae Tree
Perinari excelsa (Sabine) Chrysobalanaceae Tree
Tectona grandis L.f. Lamiaceae Tree
Elaeis guinensis Jacq. Arecaceae Tree
Citrus sinensis (L.)Osbeck. Rutaceae Tree
Treculia africana Decne. Moraceae Tree
Strychnos innocua Delile Loganiaceae Shrub
Nauclea latifolia Sm. Rubiaceae Shrub
Azadirachta indica A Juss Meliaceae Tree
Mangifera indica L. Anacardiaceae Tree
Gmelina arborea Roxb. Lamiaceae Tree
Crossopteryx febrifuga (Afzel.) Benth Rubiaceae Tree
Vitellaria paradoxa C.F.Gaertn. Sapotaceae Tree
Tamarindus indica L. Leguminosae Tree

Source: Field Surwy, 2019

Problems influencing agroforestry practices in the study area are presented in Table 5. Lack of technical know-
how, non-availability of tree seedlings, the long gestation period of trees, and fire outbreaks among others were
major problems mentioned by the farmers in the study area. Among all these problems, lack of technical know-
how ranked highest (98%) in the study area. Similar findings were reported by Adedayo and Sobola (2014) on
farmers' perception and adoption of agroforestry practices in Osun state, they found out that lack of technical
know-how was the highest ranked hindrance to the adoption of agroforestry technology in the State. Keil (2005)
found out that farmers who are involved in on- farm experimentation of agroforestry technology with the
researchers are more likely to adopt the practice than those who have never been exposed to it. Hence,
understanding a newly introduced technology is a pre-requisite to the adoption of such technology. Akinnifesiet
al. (2008) stated that trainers, farmer-to-farmer extension, and support to existing initiatives were the most
effective pathways of disseminating proven technologies to smallholders’ farmers in Southern Africa. However,
lack of improved seedlings also constrained the adoption of agroforestry practices in the study area.
Improved seed, seedlings,and trees have been a driving force behind the successes recorded for some agricultural
technology. As genetically superior seedlings increase timber revenue because of their faster growth rates, greater
adaptability, increased disease resistance, improved wood properties, and superior form (Whittock, 2004).
Peterson (1999) and Kwesiga et al. (2003) also found out that lack of planting materials (seed and seedlings) is a
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major constraint to the establishment of fallows. Farmers also complained that bush fire is usually fueled by leave
litters during the dry season. More so, the land tenure systemalso hinders some farmers from participating the
system because of their fragmented farms land. Previous studies (Sobola et al., 2015; Ajayi et al., 2003; Kwesiga
et al., 2003) emphasized the effect of farm size on the adoption of agroforestry practices. Ajayi et al. (2003)
revealed that farm size is positively associated with farmers’ decisions to retain or plant trees on farmland. Other
factors include long gestation period, lack of incentive, labour intensive nature of the system, as well as crop
damages by trees as a result of wind throw.

Table 5: Problems Influencing the Adoption of Agroforestry Practices in the Study Area

Problems Frequency Percentage
Long gestation period 65 54
Lack of incentive 47 36
Land tenure system 20 17
Labour intensive 36 30
Fire outbreak 66 55
Lack of improved seedlings 84 70
Lack of technical know-how 98 82
Crop damage by tree fall 55 46

Source: Field Surwy 2019

CONCLUSION

The ecological, economic and environmental benefits of agroforestry for rural livelihood and sustainable
development cannot be over emphasized. Agroforestry enhances biodiversity and prevent deforestation and its
complications, it diversify production on farmland most especially during the crop offseason. This study assessed
agroforestry practices as a land use systemin Taraba state, Nigeria and the findings has shown that agroforestry
practice in the study area is a long aged practice; as farmers are aware of multiple benefits accrue to retention of
trees on farmland. Majority of the farmers usually retain trees, while deliberate planting is still negligible in the
study area. Identified agroforestry practices in the study area are; alley cropping, improved fallow, scattered trees
on farmland, live fencing, home gardening, apiculture and silvopasture. However, conscious effort towards
agroforestry adoption and domestication of economical woody perennial needs to be enhanced in the study area.
Hence, the government and forestry department should encourage farmers by providing genetically improved
seedlings and seeds for propagation and incorporation in agricultural landscape. In addition, funds in the formof
credit facilities for farmers willing to adopt agroforestry systemshould be allocated.
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Abstract
Evaluation of effect of organic liquid fertilizer on the growth and yield of okra was examined in this research.

Liquid fertilizer (Super Gro) was applied to the treatments at 1ml of Super grow to 1litre of water which was
applied once a week, twice a week, every fortnight, once a month and the control. The parameter assessed were
plant height, stem girth, leafarea, number of leaf, weight of fruit and 50% day to flowering. The data collected
was subjected to Analysis of Variance (ANOVA) and the mean was separated using the Duncan Multiple Range
Test (DMRT). The treatments significantly (p < 0.05) influenced all the parameters assessed except in the number
of leaves. The relationship of the leaf area was determined by Pearson’s Products Moment Correlation Co -
efficient (PPMC) which was positively strong (r = 0.8). The results show that plants treated with fertilizer
application fortnightly performed best in all the parameters assessed with the highest mean values. Therefore,
application ofliquid fertilizer should be encouraged and used for the production ofokra for better crop planting,
increase in farmer’s yield and income. The method can also be taught in schools for Agricultural practices.

Keywords: Liquid fertilizer, Okra, growth, and yield

INTRODUCTION

Vegetables are herbaceous plant species which are used forhuman consumption. Its cultivation is one of the major
enterprises in horticulture which is becoming more popular due to the greater appreciation of their food values
(Gardner, 2004), Vitamins and Minerals (Adeboye, 1996). The production of vegetables had developed from a
small home garden to commercial farming because of its nutritive significance in diet of people (Olufolaji, 2003).
The importance of vegetable in our diet therefore, cannot be over-emphasized, in that they are good supplements
to animal proteins and also their leaves and fruits contain iron, phosphorus, calcium, magnesiumand vitamin A —
(Thiamine, Niacin, Ascorbic acid and Folic acid) which are materials essential for proper growth and development
of good sight, strong teeth and bones. They render food more palatable and used as food in some tropical areas
and with protein content of up to 15% has been reported (Olufolaji, 2003).

Okra is an economically important vegetable crop grown in tropical and sub-tropical part of the world. This crop
is suitable for cultivation as a garden crop as well as large commercial farms. This is grown commercially in
Indian, Turkey, Iran, West Africa, Yugoslavia, Bangladesh, Afghanistan, Pakistan, Burma, Japan, Malaysia,
Brazil, Ethiopia, Cyprus and Southern United States. (Benjamin, et al., 2007; Qhuresh, 2007). Other spread of
other species is as a result of their introduction to Africa and America (Alade, et al., 2008; Qhureshi, 2007). Indian
ranked first in the world with 3.5million tonnes (70% of the total world production of okra produced from over
0.35hectare of land (FAOSTAT, 2018). Okra is also essentially a tropical crop and among the most commonly
grown vegetable throughout Nigeria. It is cultivated for its fresh fruits in both tropical and sub-tropical countries.
Okra is mostly eaten in cooked or processed form and was reported to contain protein oil, calcium, iron,
magnesiumand phosphorus (Omotosho, 2007). The stemyield is useful as fiber while the leaves are considered
good cattle feed and are consumed sometimes. The seed however can be roasted and used as substitute forcoffee
(Farinde and Owolarafe, 2007). The essential and non-essential amino acid which okra contains is comparable to
that soybean (Farinde and Owolarafe, 2007). Okra is cultivated for its fiorous fruits or pods containing round;
white seeds. The fruits are harvested when immature and eaten as vegetable. The roots and stem of okra are used
for cleaning the cane juice from which brown sugar is prepared (Chauhan and Choomsai, 2000). Matured fruits
and stems containing crude fiber are used in the industry. Extracts fromthe seed ofthe okrais viewed as alternative
source of edible oil (Anyanwu, 2000).
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Okra production in Nigeria often recorded low yield. The low yield experience has been attributed to poor soil
fertility and deficiency in important mineral nutrients (Fagwalawa and Yahaya, 2016). Fertilizer could be very
useful in increasing soil nutrients based and by extension, soil fertility but improper or excessive application could
be detrimental to plants, pollutes soil water bodies and deteriorate the soil structure (Brar et al., 1994).
Surprisingly, plants take in nutrients more efficiently through stomata (plant pores) in the leaves than they do
through root uptake. Crops can be given a quick boost with periodic mist or sprays of natural foliar fertilizer. Not
only is it good for general fertilization but also an immediate way to revive and stimulate stressed, tired ordiseased
plants. Test has shown that foliar feeding can be 8-10times more effective than soil feeding (Raynor and Bay,
1993). Up to 90% of foliar-feed solution can be found in the root of the plants within 1 hour of application. Foliar
fertilizer, among other things, increase chlorophyll production and photosynthesis in the leaves, (which can be
measured in as little as 4 hours), which in turns increase uptake of soil applied fertilizer, in respond to increase
need for water by the leaves, bringing more fertilizing elements to the plant via the vascular system (Raynor,
1997). Little or no information is available on the effect of Super Gro on the production of vegetables especially
on okra performance. The contribution of okra (Abelmoschus esculentus) to the economy of Nigeria and other
countries cannot be overemphasized. However, the potential of the growth of okra are manifesting in the
contribution to economic needs of the people. Thus, the study is undertaken to investigate and analyze the effect
of the application of Super Gro on the growth and yield of okra.

MATERIALS AND METHODS

Materials

The materials used were Okra seeds, Super Gro (liquid fertilizer), Measuring tape, Cutlass, Hoe, Watering Can,
Veneer Caliper, Weighing balance, Biro, Hand sprayer, Recording book, Syringe, Ruler, Labels and Tags.
Methods

The land was cleared and thoroughly tilled after which the layout was done. The experimental design was
Randomized Complete Block Design (RCBD). It consists of five treatments replicated three times. The size of
the plot was 2m by 2m which gives 20stands per plot.

Two seeds were sown per hole ata spacing of 30cm by 50cm. They started germinating five (5) days after planting
and were later thinned to one seedling per stand. Treatments commenced two weeks after planting and there were
20 plants per bed.

The fertilizers were applied to okra at the rate of 1ml of Super Gro to 1lltre of water. It was applied once a week,
twice a week, every fortnight and once a month respectively while the control was not treated.

Treatment

The treatments were as follows: Control (Without adding any liquid fertilizer), once a week,

twice a week, every fortnight and once a month.

Assessment of Variables

Three plants at the middle were randomly tagged for data collection which started two weeks after treatment
application. The variables assessed were plant height (cm), stemgirth (mm), number of leaves, weight of fruit (g),
50% day to flowering and leaf area (cm?).

Data Analysis
The data collected were subjected to Analysis of Variance (ANOVA) to determine the significant difference.
Duncan Multiple Range Test (DMRT) was used to separate the means.
The experimental design used for the study is Randomized Completely Block Design (RCBD) because it involved
the simultaneous study of two factors.
The statistical model used is Yijk =p + ai + Bj + sijk
Where Yijk = Kt observation of level i of the first factor and level j of the second factor.

p = overall mean

ai = effects of level i of the first sector

Bj = effects of level j of the second factor.

&ijk = Random error (Samuel et al., 2012).
Also, leaf area relationship (LAcm?) was determined by multiplying leaf length by leaf width with the Pearson’s
Product Moment Correlation Co-efficient (PPMC) (r) which is 0.80

> XY - (3x) (2Y)
X - (Exf [y - ()]

Where n is the sampled number of leaf,
X is the leaf length and Y is the leaf width, (Yusuff, 2004).

r =
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RESULTS AND DISCUSSION

Fromthe result of the experiment as shown in table below, there was a revelation that seedlings of okra treated
with fertilizer fortnightly perform best than other treatments with mean value of 21.46¢cm. It could be seen that
seedlings of okra treated with fertilizer fortnightly also performed best with the mean value 10.18. Results also
revealed that seedlings of okra treated with fertilizer fortnightly performed best in all the treatments with the mean
value of 0.94mm.

Okra treated with fertilizer application fortnightly performed best with the mean value of 628.84cm?. Also, Okra
treated with fertilizer fortnightly performs best with the mean value of 334.7g. Days to 50% flowering was least
and best on fortnightly application of organic fertilizer with 30days while longest day to 50% flowering occurred
at once a month with 41days.

Also, from the result of the experiment, it was evident that the application of liquid fertilizer played a crucial role
in the growth and development of the plant because all the treatments favourably influenced Okra in growth
parameters. The significant response of the plant to applied fertilizer could be due to low organic matter content
and nitrogen, phosphorus and calcium content of the experimental plot. The liquid fertilizer apart from enriching
the plant with N.P.K,, it also added organic matter to the plant that improves the structure, water holding capacity
and cation exchange capacity of the soil thus shallinfluence the growth of plant. The result obtained showed that
okra in which liquid fertilizer was applied fortnight performed best in all the variables. This buttress Sanject et al
(2010) that any organic fertilizer at a specified quantity for a specified period of time improved yield.

Table 1: Effects of organic fertilizer on various treatment of Okra

Treatments Mean of Plant  Mean number Mean stem Leaf Area Daysto50%  Mean weight
height (cm) of leaves diameter (mm) (cm?) flowering Q)
Control 12.22 6.74 0.56 397.91 38 199.0
Once a week 13.08 8.12 0.66 426.96 38 247.0
Twice a week 17.16 9.78 0.78 474.84 31 271.7
Every fortnight 21.46 10.18 0.94 625.31 30 334.7
Once a month 18.36 9.98 0.86 537.40 31 295.3

CONCLUSION AND RECOMMENDATIONS

Based on the result obtained from this experiment, it is recommended that application of liquid fertilizer (Super
Gro) should be encouraged and used for the production of okra, better crop planting and increase in farm yield
and income.

Government should be willing to subsidize the price of liquid fertilizer to help the farmer for optimum production
because it is more expensive and may not be readily available for an average Nigerian farmer. Also, there is need
to try other application rates for optimum yield of okra. The method can be taught in schools by teachers in
Agricultural practices.
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Abstract
The effect of different growing media used for the growth and yield of Fluted pumpkin was investigated and

evaluated in this study. Complete Randomized Design (CRD) was used to lay out the experiment with three
treatments replicated three times. The treatment was compared on the basis of plant height, number of leaves,
and stem girth for a period of eight weeks and fresh weight was measured and recorded prior harvesting. Data
collected were subjected to Analysis of Variance (ANOVA) and mean was separated using the Least Significant
Difference (LSD). The result revealed that sawdust had the highest mean value in plant height, stemgirth, number
ofleavesand yield among the three treatments. Leafy vegetable isconcerned with yield; therefore, sawdust should
be used for planting fluted pumpkin.

Keywords: Fluted pumpkin, growing media, yield and sawdust

INTRODUCTION

Telfairia occidentalis (Fluted pumpkin) belong to the family of Cucurbitaceae. The plant is unisexual, a strong
climber with grayish fruit and edible seeds that are smooth and also have hard seed taste (Schippers, 2000). In
Nigeria, Fluted pumpkin can grow in all the agro ecological zones, with the Southeastern zone dominating the
production of this plant (Ehiagbonare, 2008). The entire plant (seeds and leaves) have high nutritional values. The
leaves can be used for preparation of vegetable soup and stew, the oil extracted fromthe seeds can be used forthe
manufacture of cosmetics while the juice extracted from the leaves can be used by human and it is known to
increase and hemoglobin levels of the human blood (Gill, 1992). Fluted pumpkin is a tropical vine grown in West
Africa as a leaf vegetable and for its edible seed. Common names for the plant include fluted ground, fluted
pumpkin and ugu. The fluted gourd grows in many nation of West Africa but it’s mainly cultivated in Nigeria,
used primarily in soups and herbal medicines, although the fruit is inedible, the seed produced by the gourd are
high in protein and fat and can therefore contribute to a well-balanced diet. The plant is a drought tolerant
dioeciously perennial that is usually grown sterilized (Okoli and Mgheogu, 1983).

Fluted pumpkin is an herbaceous, climbing annual plant of the family cucurbitaceous. Most member of the family
is tendrils herbaceous annual plant often growing very rapidly. It grows fast and vines may grow up to 30.5m in
length. It also produces very large; various sizes fruit and are a fairly drought resistant plant which grows beston
well drained loamy soil and on poor soil (Maduewesi, 1977). The seeds of fluted pumpkin are the only known
important propagation materials, since the plant cannot be easily propagated vegetative. However, the seed ofthis
plant quickly loses their germination potential especially when the seed are poorly developed due to biochemical
transformation that usually occurred in the seed at different moisture levels (Tairu and Bolounduro, 2006). The
seeds of fluted pumpkin are very delicate to handle because they do not undergo maturational drying and cannot
be dried without damage and also due to high moisture content of the seeds, it cannot be stored for a long period
of time and still be viable (Shippers, 2000). However, (Bradbeer, 1992), recognized the use of seed sizes as a
compensation for variation in environmental condition and the enhancement of the productive capacity in aplant.
He also observed that large seeds were preferred by growers of fluted pumpkin, since they germinate more
vigorously and gave rise to large seedlings which may mean greater herbage yield. The plant (fluted pumpkin) is
drought tolerant. The young shoots and leave of the female plant are the main ingredient of the Nigeria soup
(Edikangikong) and also a great nutrition importance to human body. The vegetable is rich in fat and protein; and
can be eaten whole. The edible seeds of fluted pumpkin can be boiled and eaten whole or fermented and added to
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‘ogili’. The fluted gourd has been traditionally utilized by indigenous tribes as a blood tonic, likely due to its high
protein content. Fluted pumpkin has attained an important status as a vegetable for all in Nigeria, but it has
received a limited research attention by scientist. However, most of the available research information relate to
mostly on fruiting and seed production (Akoroda and Adetoro, 1990) characteristics of sexes (Ajibade, et al.,
2006) as well as the nutritional values (Longe, et al., 1983). There is limited information on the relationship
between germination media and seed sizes on germination and vigour of fluted pumpkin.

The main use of fluted pumpkin is a leafand seed vegetable. The tendershoots, succulent leaves, immature leaves
can be cooked and consumed as a vegetable. The leaves are used alone or together with okro, or egusiseeds. They
can be mixed with iru (Gnetum africanum welvo) and petrocarpus soyauxitanb. They are often cooked with fish,
meat and tapioca. Immature seeds are cooked or wasted; seed can also be fermented for several days and eaten as
a slurp. The fruit pulp with young seed is occasionally made into marmalade. Mature seeds are not consumed
directly because they have high content of anti-nutrients, but their fat and oil may be extracted. The seed cake
suitable for fortifying foods and the seed oil serve as cooking oil and for making margarine. The oil can also be
used as drying oil for paints and varnishes, although it is also reported to be non-drying. The raw flour shows
better waterand fat absorption properties than the oil. Hence, it’s useful application in baking products and ground
meat products. The rind and pulp of the fluted pumpkin are used as fodder for livestock for pregnant woman and
patients suffering fromanemia (use leaf juice to strengthen the blood). The stems are macerated to produce fibers
that are used as a sponge. (Tindal, 1986). Fluted pumpkin leaves are common in the markets of low land areas in
Benin, Nigeria and Cameroon. During the dry season in Nigeria, intensive trade develops in areas along river
banks for sales to urban areas where major food crop markets develop. In Nigeria, the leaves are also transported
by road from the South over a long distance to the big cities in the North. The cultivation of fluted pumpkin is
developing around cities as a way of reducing the high transportation costs (Longe, et al., 1983). No statistical
data are available on the total production.

In Nigeria, demand from different parts of the country has raised the price of the leaves and fruits. The average
price per fruit in Nigeria is USS 0.70 — 1.00 (Yusuff, 2017). Fluted pumpkin is typically grown vertically or trestle
like structure, however, it can be allowed to spread flat on a held. A beneficial outcome of growing the gourd flat
is the suppression of weeds, especially when intercropped with a tall, upright plant such as maize. The growing
period begin in April or May when seeds are planted. Seeds are planted directly in the soil typically in groups of
three to increase output in a case of a failed germination. Fruit is typically harvested between October and
December. The seed are subsequently collected and dried. A portion of them are consumed while the remains are
stored forthe following planting season. Although dependent upon soiltype, the fluted gourd is able to ration and
subsequently produce many flushes of fruit over long periods. It is able to ration with the highest degree of success
in well drained soils. It is propagated using the seeds, and its seed is housed in another greater hard shell which
protects it from harm. It survives drought and can retain its life in the root even after many years, it is a creeping
plant and grows well of staked with bamboo-sticks. As a result of high demand of fluted pumpkin, the problem
of planting medium calls for intensive preliminary research. One of the most important criteria for successful
germination is to determine the best reliable germination medium. The influence of the mediumis felt even before
the plant sprout, because of its water retention and aeration properties, locally and readily available materials such
as wood shale, saw dust, rice hill, river sand, coconut fiber and mixture of these materials have been proven to be
a good media for germination of many crops (Ekwu and Mbah, 2001). Therefore, this research is to investigate
and evaluate the very best growing media on the growth and yield of fluted pumpkin.

MATERIALS AND METHODS

Materials

The experiment was carried out in the Horticulture and Landscape Technology (HLT) garden within the premises
of the Federal College of Forestry, Jericho, Ibadan. The seed of Telfairia occidentalis was purchased from
National Horticultural Research Institute of Nigeria (NIHORT). The sawdust was collected at Forestry Research
Institute of Nigeria (FRIN) and top soil was collected at the College premises. The rest of the materials were
bought at Ogunpa market, Ibadan. The materials used for this experiment include: Fluted pumpkin, Sawdust, Top
Soil, and Sieve, Vernier caliper, Seed germination box, wheelbarrow, hand trowel, ruler, watering can, 25litres
bucket, bamboo stakes, paper tape, notebook and pen.

Methods

The soil was air dried for three (3) days after it was passed through 2mm mesh sieve to remove non soil particles.
The sawdust was also soaked in water for three (3) days to remove the chemical particles in it. Both the topsoil
and sawdust were taken to the laboratory for analysis to know the level of their chemical components. The seeds
of fluted pumpkin were first planted in a germination tray of each treatment with thorough wetting once a day
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before transplanting. The seed were raised for two weeks before transplanting to the field. Watering was carried
out equally. The experiments were laid out in a Completely Randomized Design (CRD). A total numbers of three
(3) treatments replicated three (3) times.

Treatments
The treatments are as follows: Top soil; Saw dust and; Top soil and sawdust.

Parameter Assessed
The following growth parameters were assessed during the experiment weekly. Plant height (cm), Stem Girth
(mm) and number of leaves

Data Analysis
The data collected were subjected to Analysis of Variance (ANOVA) to determine the significant difference and
mean was separated using the Least Significant Difference (LSD). The experiment design used for the study is
Completely Randomized Design (CRD) because it involved the study of one factor.
The Statistical Model used is yij = 4 + ai + &ij
Where yij = jth observation in group i

p = grand population mean

ai = effects of group i

&ij = random error (Samuel et al., 2012)

RESULTS AND DISCUSSION

Result of the experiment as shows in the table 1 below show that sawdust had the highest mean value on the plant
height, number of leaves, stem girth and yield of planted fluted pumpkin. That is, it performed best in all the

parameter assessed. Therefore, Sawdust is significantly different from other treatments. This is supported by Ekwe
and Uba (2001) that Sawdust performed best for quick sprout of seeds.

Table 1: Effects of media on the various parameter assessedof fluted pumpkin for 6 weeks

Treatments Mean of Plant height Mean number of Mean of Stem Mean of
(cm) leaves girth (mm) Yield (kg)
Top soil 27.66b 16.06b 1.73b 5.21b
Top soil and sawdust 21.97b 14.50b 1.64b 4.53b
Saw dust 30.35a 20.78a 2.08a 5.30a

NOTE: Means with the same letter are not significantly different from each other.

CONCLUSION AND RECOMMENDATION
It was concluded that Sawdust performed best in all the parameters assessed, thus, sawdust is recommended as
the best growing medium to propagate fluted pumpkin seeds in the nursery.
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APPENDIX |

Analysis of Variance For Plant Height at the 6 Week
Effect SS DF MS F Prob.F
Saw dust 159.86 2 79.93 7.357778 0.024298**
Residual 65.18 6 10.86333
Total 225.04 8 28.13

Note: ** Significant difference at 5% level of significance

Analysis of Variance For Number of Leaf at the 6t Week

Effect SS DF MS F Prob.F
Saw dust 180.22222 2 90.11111 13.08065 0.06493**
Residual 41.33333 6 6.88889

Total 221.55556 8 27.69444

Note: ** Significant difference at 5% level of significance

Analysis of Variance For Stem Girth at the 6" Week

Effect SS DF MS F Prob.F
Saw dust 0.5066667 2 0.253333 11.4 0.009042**
Residual 0.1333333 6 0.22222
Total 0.64 8 0.08
Note: ** Significant difference at 5% level of significance
APPENDIX I
Pre-planting Physical and Chemical Properties of the Media Used
Parameters Properties
Top soil Saw dust
pH (H20) 6.59 7.29
pH (KCL) 6.35
Ca (cmol/kg) 4.40 0.03
K (cmol/kg) 0.36 0.16
Na (cmol/kg) 0.19 0.06
Mg (cmol/kg) 174 0.19
C (%) 1.74 14.23
Total (N) 0.98 0.11
Av. P (mg/kg) 5.69 0.05
Mn (mg/kg) 19.79 2453
Fe (mg/kg) 18.06
Cu (mg/kg) 0.38
Zn (mg/kg) 65
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Abstract
Incorporation of nitrogen fixing tree to complementinorganic fertilizer in crop production in semi-arid, Nigeria

isagap. the study assessed nitrogen utilization for improved maize leafand cob yield . The experimentswere laid
out as 3x 4 x 2 factorial ina split-split plot design with three replicates for two years (2014 and 2015) and effect
of these two seasonswhen no biomass wasincorporated termed ‘residual’ was determined in 2016. These factors
were: control, biomass species (Albizia lebbeck and Parkia biglobosa) as main plotsfactor, four levels ofnitrogen
(0, 40, 80, 120kg N ha') as sub-plots factors, and two maize varieties (DMR-ESR-7 and 2009 EVAT) assub-sub
plots factors. Data were analysed using (ANOVA) at p =0.05. The soil issandy loam and acidic with pH (4.10).
Albizia lebbeck had higher concentration ofnitrogen and organic carbon (32.4 g kg *and 189.4 g kg™), but lower
in C:N (57.5) leading to faster decomposition and nitrogen release than P. biglobosa. A. lebbeck amended plots

had significantly higher values (8.7 and 11.7) on number of leaves per plant (NL) at 4 and 10 weeks ofplanting

(WAP) respectively, while the combined crop yield (CY) was 3041.7 kg hat. Meanwhile, plots amended with. P.
biglobosa leafy biomass had significantly higher values (7.0, 10.2 and 10.8) on NL at 4-8 WAP, while, it was
significant with higher value (2784.7 kg ha™) on CY in the residual. P. biglobosa only experienced significantly
lower values (6.3 kgha™,1731.5 kgha'and 1620.4kg ha) in plots supplied with 120 kg N ha*rate on NL at 4
WAP, and at both 80 kg N ha™* and 120 kg N ha™! rateson CY in the residual. However, no significant difference
was observed in plots supplied with nitrogen rate on NL, but, significantly lower value (1814.8 kg ha™) was
recorded in plots without fertilizer application; 0 kg N ha™* (control) on CY in the combined. 2009 EVAT had

significantly highervalues (11.9 kg ha*and 2835.7 kg ha) at 10 WAP on NL and CY respectively in the combined.
No significant difference was observed on maize varieties both on NL and CY respectively in the residual. In

conclusion, A. lebbeck leafy biomass affect maize production in terms of leaves and cob yield in the conbined

since it’s biomass decomposed and released nitrogen faster, while, P. biglobosa leafy biomass affect maize leaf
production and cob yield in the residual because of its slower rate ofdecomposition which al so makes its nutrient
effective for maize production in the subsequent season.

Abstract: Biomass transfer, Maize production, Decomposition, Soil fertility, Residual

INTRODUCTION

The termagroforestry is a land management systemthat accommodates both production of food crops and forest
products on the same piece of land. It aims at increasing production of food and fibres. It has been noted that food
crisis, declining forest resources and environmental imbalance are some of the wide spread problems in Nigeria
and the world today (Oyebamiji et al., 2016a). The agricultural production systemin Nigeria has deteriorated due
to lack of capacity to produce enough food for its population as a result of decline in soil fertility (Anon, 1991).
Farming systems in Nigeria and all over the tropics are under threat due to declining soil fertility (Adjei-Nsiah,
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2012). It is increasingly evident that declining soil fertility is the most widespread, dominant limitation on
yields of maize (Zea mays L.) and the sustainability of maize-based cropping systems in Africa (Ajayi et al.,
2007). Lack of soil fertility, soil erosion and unequal soil fertility management contribute to soil fertility depletion
in arid Africa (Vanlauwe and Giller, 2006; Bationo et al., 2007). Low soil fertility has been noted to be one of the
major challenges to agricultural productivity in Africa (Beedy et al., 2010; Wheeler and von Braun, 2013). And
this has resulted to mono-cropping and inadequate recycling of organic matter, scarce and expensive inorganic
fertilizers and also deeply compounded by rainfall variability and recurrent dry spells which has led to low crop
yields in most of Africa countries (Ngwira et al., 2012). Due to these grave challenges, poverty, food insecurity
and child malnutrition have negatively affected human livelihood in most Africa countries and Nigeria in
particular.

In order to alleviate these huge challenges, particulally soil infertility through mono-cropping and lack ofadequate
replenishment, leguminous trees that are nitrogen fixing trees as against the sole use of inorganic fertilizer are
known to play alternative role as source of organic fertilizer and have the potential to sustain soil fertility (Snapp
et al., 2003; Adjei-Nsiah et al., 2004). Cultivation of leguminous tree crops and biomass transfer is the main
possibility for soil enrichment with nutrients, especially with nitrogen. The productivity of cereals depends on soil
properties, meteorological factors, fertilization, and especially humus content in soil. Incorporation of green
material enriches soil with organic matter, which as a result of microbiological processes releases nutrients for
plants (Ramroudi and Sharifai, 2013). The use of legume tree pruning as mulch in agroforestry systemis a common
and aged-old practice to maintain soil organic matter and improve soil fertility in the tropics (Duguma et al., 1988).
Biomass transfer which refers to mulching or green-leaf manuring using tree or shrub foliage which is cut and
applied to the cropping field are employed to stimulate soil fertility replenishment (Kwesiga et al., 2003). Biomass
in terms of leaves are used directly as green manure or shade-dried and stored for later use, especially if the material
is collected during a non-cropping period when the demand for labour is low (Cooper et al., 1996). Though,
traditionally, farmers are used to collecting biomass from the woodlands and incorporate it into the fields to
improve soil quality (Nyathi et al., 1993).

MATERIALS AND METHODS

The research was conducted at Makera, a village in Dutsinma Local Government Area of Kats ina State, having
an area of 527 kne, altitude of 605 m and a population of 169, 671 and is found within Latitude 12°27'18" N and
Longitude 07°29'29" E. Maximum day temperature reaches about 38°C in the month of March, April and May
and minimum temperature is about 220 C in December and January (Tukur et al., 2013). The vegetation of Dutsin-
ma region combines a characteristic feature of Guinea and Sudan Savanna vegetation zones of Northern Nigeria
(Tukur and Kan, 2013).

Experimental Design and Data Collection

The experiments were laid out as 3 x4 x 2 factorial in a split-split plot design with three replicates for two years
(2014 and 2015) and effect of these two seasons when no biomass was incorporated termed ‘residual’ was
determined in 2016. These factors were: control, biomass species (Albizia lebbeck and Parkia biglobosa) as main
plots factor, four levels of nitrogen (0, 40, 80, 120 kg N ha1) as sub-plots factors, and two maize varieties (DMR-
ESR-7 and 2009 EVAT) as sub-sub plots factors. The gross plot had 4 m x 3 m dimension. Leafy biomass of A.
lebbeck and P.biglobosa were pruned and incorporated fresh into the soil, that is, plots prepared for biomass, two
weeks before maize planting at the rate of 6 kg for each (5000 kg ha1) of the A. lebbeck denoted by (B:) and P.
biglobosa denoted by (B2) and plots without incorporation of leafy biomass denoted by (Bo). These leafy biomass
were incorporated into the soil repeatedly for two cropping seasons (2014 and 2015) and effect of these two
seasons when no biomass was incorporated termed ‘residual’ was determined in 2016. Four levels of N fertilizers
in which half of it were first applied at 2 weeks after planting (WAP) include; No,0 kg N ha? (control); N1, 40 kg
N hal; N2, 80 kg N hal; N3, 120 kg N ha'1, while, the remaining amount was later applied at 5 WAP. The maize
varieties used include; DMR-ESR-7 (Yellow) and 2009 EVAT (White) and were obtained from Katsina State
Agricultural and Rural Development Authority (KTARDA). Two maize seeds from each varieties were planted
per hole at equal depth of 4 cm and later thinned to one 2 WAP in 75 cm x 25 cm conventional spacing to make
the total plant population of 64 stands per gross plot and 32 stands per net plot.

Five maize plants were randomly selected within each of the net plots 4 m x 1.5 m (6 m?) with a tag for periodic
observations at 4, 6, 8 and 10 WAP during the crop growth cycle on the number of leaves per plant. And these
same five tagged plants were equally used to obtain cob yield result at harvest.

Number of Leawes Per Plant: The number of leaves per plant was obtained at 4, 6, 8 and 10 WAP by counting

the number of leaves from the five tagged plants in each plot. The average number of leaves was recorded per
plant on combined and residual.
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Cob Yield (kg hal)

Cobs of maize fromeach net plot (i.e. the two middle rows) were harvested, sun-dried and weighed before shelling
and then weighed after shelling on combined and residual. The mean weights were recorded and cob yield per
hectare were calculated using the formula: Cob yield in (kg) x 10,000 m?/ net plot size in (m?)

Plants (Leawes) Tissue Analysis

Leaves of A. lebbeck and P. biglobosa were analysed for initial contents of N, C, lignin and polyphenols. Total N
was analysed by Macro-Kjeldahl digestion, followed by distillation and titration (Anderson and Ingram, 1993;
Brandstreet, 1965). Lignin were determined by the Acid Detergent Fibre (ADF) method as outlined in Anderson
and Ingram (1993). The polyphenol was extracted in hot (80° C) while, 50 % aqueous methanol wre
calorimetrically determined with tannic acid as a standard measurement (Anderson and Ingram, 1993; Hagerman,
1988).

Data Analysis

Data were analysed using Analysis of Variance (ANOVA) with Statistical Analysis System (SAS, 2003) computer
package at 5 % level of significance to determine differences in the treatment effect. The Duncan’s Multiple Range
Test (Duncan, 1955) was used to separate means of differences among the treatments where significant treatment
effects were obtained from the analysis of variance.

RESULTS

Chemical Composition of Albizialebbeck and Parkia biglobosa Leafy Biomass

Result of chemical composition of A. lebbeck and P. biglobosa biomass of the plant materials showed variations
in their chemical compositions during 2014 and 2015 cropping seasons. The leaves of A. lebbeck contained more
N (leading to lower C: N ratio) than P. biglobosa. A. lebbeck had the highest concentration of lignin with mean
value of 110.6 g kg1, while P. biglobosa had highest concentration of C: N ratios with mean value of 63.0,
meaning that P. biglobosa had low N and C contents (Table 1).

Table 1: Mean chemical composition of the leafy biomass of Albizia lebbeck and Parkia biglobosa in 2014
and 2015 (combined)

Component N (g kg1) C (g kg Lignin (g kg1) Polyphenol (g kg1) C:N
Albizia lebbeck 32.4a 186.4a 110.6a 5.7b 57.5b
Parkiabiglobosa 26.5b 166.7b 82.4b 7.5a 63.0a

N: Nitrogen; C: Carbon; C:N: Carbontonitrogen ratio
Means followed by the same letter(s) within the same column and treatment are notsignificantly different (P >
0.05).

Number of Leawes Per Plant

A. lebbeck was observed to have significantly higher values (8.7 and 11.7) at 4 and 10 WAP. Though, A. lebbeck
amended plots had higher number of leaves per plant across the weeks of observations in combined. However, in
the residual effect, P. biglobosa had significantly higher values (7.0, 10.2 and 10.8) at 4-8 WAP respectively.
There was no significant difference observed with nitrogen application at the rate of 0-120 kg N ha at 4-8 WAP,
and between 40-120 kg N ha-lat 10 WAP in the combined. Also, there was no significant difference observed in
the residual at 6-10 WAP, but, there was significantly lower value (6.3) in nitrogen application with 120 kg N ha-
Tat 4 WAP. No significant difference was noted between the two maize varieties at 4-8 WAP. Meanwhile, 2009
EVAT had significantly higher value (11.9) on leave number production at 10 WAP than DMR-ESR-7 in
combined analysis. The same observation of no significance between the maize varieties was recorded in the
residual across weeks of experiment on number of leaves per plant (Table 2).

Cob Yield (kg ha')

Plots amended with A. lebbeck had significantly higher value (3041.7 kg ha'l) of cob yield than other treatments
in combined. The value was comparable as P.biglobosa also produced significantly higher cob yield value (2784.7
kg hal) in the residual. Plots without N rate (control) produced significantly lower value (1814.8 kg ha-1) of cob
yield at 0 kg N halamong other N rates in combined, while, significantly lower values (1731.5 kg ha-land 1620.4
kg ha1) were observed on cob yield both at 80 kg N ha-1and 120 kg N ha'in the residual. 2009 EVAT produced
significantly higher value (2835.7 kg ha1) on cob yield in combined, while, no significant difference was observed
between the maize varieties on cob yield in the residual (Table 3).
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Table 2: Influence of biomass and nitrogen rate on number of leawes (cm) of two maize varieties in combined and residual

Number of leawes per plant

Combined Residual
Treatment 4 WAP 6 WAP 8 WAP 10 WAP 4 WAP 6 WAP 8 WAP 10 WAP
Biomass (B)
Control 8.1b 10.1 11.7b 11.2ab 6.4b 9.4b 10.2b 10.5
Albizia 8.7a 10.9 12.3a 11.7a 6.4ab 9.4b 10.6ab 10.6
Parkia 7.9b 10.1 11.6a 11.0b 7.0a 10.2a 10.8a 104
SE+ 0.22 0.33 0.26 0.22 0.20 0.19 0.17 0.17
Nitrogen (N) Kg hat
0 7.9 9.9 11.7 10.6b 7.1a 9.8 10.6 10.6
40 8.4 10.6 11.9 11.4a 6.6ab 9.6 10.5 10.5
80 8.2 10.5 11.9 11.6a 6.4ab 95 10.6 10.4
120 85 10.5 11.9 11.6a 6.3b 9.6 10.5 10.6
SE+ 0.26 0.38 0.31 0.25 0.23 0.23 0.21 0.20
Variety (V)
DMR- ESR- 7 8.1 10.3 116 10.7b 6.6 9.8 10.5 10.5
2009 EVAT 8.4 10.5 12.1 11.9a 6.6 9.5 10.5 10.5
SE+ 0.18 0.27 0.22 0.17 0.17 0.16 0.15 0.14

a, b, c, d, e: indicates means followed by the same letter(s) within the same column and treatment are notsignificantly different at 5% level of probability using Duncan
Multiple Range Test (DMRT);WAP: Weeks after planting; SEx: Standard error.
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Table 3: Influence of biomass and nitrogen on cob yield plant (kg hal) of two maize varieties in combined and
residual

Cob yield (kg hal)

Treatment Combined Residual
Biomass (B)

Control 2562.5ab 1604.2b
Albizia 3041.7a 1645.8b
Parkia 2171.9b 2784.7a
SE+ 200.80 162.75
Nitrogen (N) Kg ha?

0 1814.8b 2333.3a
40 2622.7a 2361.1a
80 2796.3a 1731.5b
120 3134.3a 1620.4b
SE+ 231.72 216.03
Variety (V)

DMR- ESR-7 2348.4b 1939.8
2009 EVAT 2835.7a 2083.3
SE+ 170.07 163.00

a, b: indicates means followed by the same letter(s) within the same column and treatment are not significantly
different at 5% level of probability using DMRT. S*: Significant at 5 % level of probability.

DISCUSSION

The condition of the soil before the experiment revealed that the soil is basically sandy loam and exhibited acidic
nature with pH value of 4.10. The performance in A. lebbeck plots were observed better because of the quality of its
materials and the ability to decomposed faster to release nitrogen for crop growth (Swift et al., 1997; Oyebamiji et al.,
2016b). Its materials contain higher average N content of 32.4 g kg N and 186.4 g kg C and lower average C: N
ratio of 57.5 in combined than P. biglobosa which decomposed and released nitrogen later. (Giller and Wilson (1991);
Oyebamiji et al. (2017) also reported that plant residues with a smaller C: N (< 30:1) is liable to decompose more
rapidly with a net mineralization of N after incorporation into the soil as in the case of A. lebbeck. Hence, N is rapidly
released and made readily available for crops.

The exciting performance in terms of production of leaves per plant and crop yield in biomass treated plots contributed
to the increase in the amount of N fixed by the biomass and quantity of N derived from the decomposition of the
incorporated biomass as it was observed in A. lebbeck in the combined and P. biglobosa in the residual (Push pavalli
et al., 1994; Oyebamiji et al., 2016a). The response of maize to nitrogen application agrees with Cherr et al. (2006)
who stated that maize growth has significant effect on biomass or litter used. The general performance of maize plants
was discovered to be higher in A. lebbeck in combined and P. biglobosa in the residual both on number of leaves per
plant and crop yied. Yield increases as N fertilizers are applied through the incorporation of leguminous crops
(Mugendi et al., 2000). The combined effects of A. lebbeck with application of N rates at 40 kg N ha1to 120 kg N ha-
L gave maximum production of 2009 EVAT maize leaves number and cropyield in the combined analysis, while, lower
application of fertilizer at 40 kg N ha'lin P. biglobosa amended plots facilitated leave and crop yield production in
the residual.

CONCLUSIONS

The soil is sandy loam and acidic in nature. Leafy biomass of A. lebbeck and P. biglobosa incorporated into the soil
as soil improvement remedy had significant effect on leaf production and cob yield both in combined and residual.
Though, plots amended with A. lebbeck leafy biomass effectively improved maize production with respect to leaf
production and cob yield in the first two cropping seasons (combined), while plots amended with P. biglobosa leafy
biomass enhanced leaf production and cob yield in the residual, since its decomposition and nutrient release is slower
than that of A. lebbeck. The combined effects of A. lebbeck with application of N rates at 40 kg N ha! to 120 kg N ha-
1 gave maximum production of 2009 EVAT maize variety in terms of leaves number and crop yield, while, N rate at
40 kg N halin P. biglobosa amended plots also enhanced growth and yield components, and these are recommended
for maize production in Dutsinma, Northwest, Nigeria.
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Abstract

In urban areas, leaf litterfall from urban trees are wastes that pollute the environment. Use of litterfall from urban trees
as mulching material in crop cultivation is an alternative sustainable utilization option for these wastes. This study
aimed to evaluate the effect of urban tree leaf litterfall mulches on soil hydrothermal properties (soil temperature and
moisture) and yield of tomato. The experiment consist of seven treatments made of organic mulches fromdried leaves
of six trees (Spanthodea campanulata, Anacardium occidentale, Podocarpus gracilior, Persea Americana,
Azadirachta indica and Acacia Senegal) and unmulched (control). The experiment was a randomized complete block
design consisting of seven (7) treatments replicated thrice. Tomato (cv Roma VF) was established in all mulched and
unmulched plots Data were collected on soil moisture content, soil temperature and yield components of tomato.
Degradation of each mulching material was evaluated using the above ground soil mulch degradation qualitative scale
Leaf litter mulch from Azadirachta indica recorded the highest soil moisture content of 4.8% while Anacardium
occidentale indicated the least value of 3.5%. Besides the control (29.8°C), Anacardium occidentale recorded the
highest temperature of 29.1°C while Azadirachta indica recorded the least temperature of 27.6°C. The highest soil
coverage score was recorded in Anacardiumoccidentale (7.3), rips, tearsand holes (RTH) were highest in Azadirachta
indica (400.8). Tomato plants mulched with leaf litter from Acacia senegal gave the highest number of fruits (19.9),
fruit weight (30.1 g) and fruit yield (21.5kg ha™). Besides sustaining soil moisture content and temperature, Acacia
senegal mulch contributed higher number of fruits, fruit weight and fruit yield. The study recommends the use leaf
litterfall from urban trees as mulch in tomato cultivation as alternative to burning the leaves

Keywords: Urban trees, litterfall, soil temperature, soil moisture, tomato

INTRODUCTION

Trees are cultivated within urban cities along walkways parks, in cities, towns and communities where people live
and work. Urban forestry and greening provides numerous ecosystem services to society and individuals which
includes improved human health and livelihood (Etim et al., 2012), reduced urban temperatures (Onishi et al., 2010),
enhanced air quality (Nowak et al., 2013), and increased residential property values (Dimke et al., 2013). Urban trees
also enhance interaction between urban habitats and nature. However leaf litter fall (both green and dried) is major
constraint associated with urban trees. Unlike in natural forest ecosystems where leaf litterfall on the forest floor
contributes to nutrient cycling, in urban areas leaf litter pollutes the environment. Governments, private entities and
individuals spend lots of money to clean and dispose the leaf litter urban centres. Most common method of disposal
in Nigeria and some other developing counties is burning. Burning leaves and other yard wastes pollutes the air and
can lead to uncontrolled fires. Leaf smoke can make breathing difficult for people who suffer from asthma,
emphysema, chronic bronchitis, or allergies. A number of States in US currently ban open leaf burning within cities,
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and some communities either ban leaf burning or restrict when it can take place (Environmental Protection Agency,
1991). Alternative sustainable options for use of leaf litterfall from urban trees include agricultural practices such as
mulching and composting. These agricultural practices allow these materials to be absorbed by the agroecosystemat
the end of the life of the crop and used in establishment of tree nurseries and nutrient supplementation in established
tree fields. The practice of covering the soil to create a conducive microenvironment for plant growth and development
is termed mulching. For ages, natural (organic) mulches such as straw, dead dried leaves and crop residues have been
used in crop cultivation. Mulching prevents direct evaporation of moisture fromthe soil and reduces the loss of water
and soil erosion over the surface (Akhtar et al., 2001; Tswanya et al., 2017) and also helps maintain a constant soil
temperature within the root crop system (Kosterna, 2014).

The yield of tomato and some other species of Solanaceae depends greatly on the weather conditions, most especially
the air temperature, during the initial period of crop growth. By enhancing the hydrothermal conditions in the
immediate vicinity of the plants, organic mulches influence the growth and increased the yield of vegetable crops.
Mulches of Leucaena leucocephala and Gliricidia. sepium trees applied sole or in mixtures has been reported to
increase yield of okra, while coconut fronds, dried leaves and crop residues enhanced yield of tomato (Kosterna, 2014;
Tswanya et al. 2017). This study aimed to evaluate the effect of urban tree leaf litterfall mulches on soil hydrothermal
properties (soil temperature and moisture) and yield of tomato in Asaba, Delta State.

MATERIALS AND METHODS

The experiment was conducted in the Teaching and Research Farm of the Faculty of Agriculture, Delta State
University, Asaba Campus (Latitude 06° 14°'N and Longitude 060 49’ E) during the late cropping season of 2019.
Average annual temperature, relative humidity and rainfall of the study area are 26.7°C, 75% and 1600mm
respectively.

The field experiment was a randomized complete block design consisting of seven (7) treatments replicated thrice.
The experiment consist of seven treatments made of organic mulches from dried leaves of six trees (Spanthodea
campanulata, Anacardium occidentale, Podocarpus gracilior, Persea Americana, Azadirachta indica and Acacia
senegal) and unmulched (control). The leaf litter from the aforementioned six trees and the control constitute the
seven blocks. Leaf litter fall from trees planted within the Delta State University, Asaba Campus was collected for
use as organic mulch. Three (3) weeks old tomato seedlings (Roma VF) were transplanted into plots of 3m x 3m and
planted 30cm x 60cm. Dried leaves of the aforementioned six trees were applied at the rate of 10t/ha.

Table 1: Urban trees from which leaf litterfall were collected

Botanical Name Common name Family
Spanthodea campanulata African tulip tree Bignoniaceae
Anacardiumoccidentale Cashew tree Lauraceae
Podocarpusgracilior African Fern Pine Pinaceae
Azadirachtaindica Neem tree Meliaceae
Acaciasenegal Gum arabic Fabaceae
Persea americana Avocado Lauraceae

Measurements of soil temperature were collected biweekly at a depth of 10cm. From each experimental plot, the soil
moisture was evaluated using five soil core samples collected from the top 10cm layer.

Soil moisture content (%) = [(fresh soil weight-dry soil weight)/dry soil weight] x 100

Using the methods described by Tian et al., (1994) duration effect of moisture / temperature of the soil were estimated
from the time period within which the moisture/temperature of the soil is more than the average LSDo.os over the
experimental period, while the prime effect is the mean decrease in the soil temperature/moisture compared to the
control within the first 30 days after mulch application. In other to estimate the degradation of each mulching material,
the above ground soil mulch degradation qualitative scale developed by Martin-Closas et al., (2016) was used as
presented in (Table 2).
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Table 2: Qualitative scale for the field evaluation of degradable mulch

Parameter Criteria Units/scores

Soil coverage by mulch Area of soil covered by Scores from 9to 1. 9, 100% soil covered; 5, 50%
mulch material soil covered; 1, 0% soil covered

Damages in mulch area No. of lesions (rips, tears Number of lesions per area (RTH m-?)
and holes; RTH)

Strength Resistance to tear 9, 100% full elasticity ;5, 50% full elasticity; 1, 0%

extremely brittle

Data on yield and components of yield of tomato were collected at harvest. Data collected were subjected to analysis
of variance (ANOVA) and significant means were separated using LSD at 5% level of probability.

RESULTS AND DISCUSSION

Soil Hydrothermal Properties
Table 3 shows the prime effects mean soil moisture content, temperature of leaf litter mulch and Table 4 shows the
duration effects of soil moisture content, and temperature of leaf litter mulch during the period of growth of tomato.

Table 3: Prime effects and mean soil moisture content and temperature of leaf litter mulch during the period
of growth of tomato

Soil moisture content (%) Soil temperature (°C)
Treatments Means Prime effect Means Prime effect
Control 23 29.8
Anacardiumoccidentale 35 12 29.1 -0.7
Persea americana 3.7 14 29.0 -0.8
Spanthodea campanulata 41 18 284 -1.4
Podocarpusgracilior 3.2 0.9 28.7 -1.1
Azadirachtaindica 4.8 25 27.6 -2.2
Acaciasenegal 4.6 2.3 28,5 -1.3
LSD (5%) 0.6 0.9

Table 4: Duration effects (in days) of soil moisture content and temperature of leaf litter mulch during the
period of growth of tomato

Duration effects (in days)

Leaf litter mulch Soil moisture content Soil temperature
Anacardiumoccidentale 45 50
Persea americana 42 48
Spanthodea campanulata 40 45
Podocarpusgracilior 34 42
Azadirachtaindica 32 38
Acacia senegal 28 35

Significant increase (P< 0.05) in soil moisture content of the leaf litter mulches over the control during the growth
period of tomato was observed (Table 3). Amongst the leaf litter mulch from urban agroforestry trees, Azadirachta
indica recorded the highest soil moisture content of 4.8% while Anacardium occidentale indicated the least value of
3.5%. The order of soil moisture content of leaf litter mulches was Azadirachta indica>Acacia senegal>Spanthodea
campanulata> Persea americana> Anacardium occidentale> Podocarpus gracilior. Prime effect of soil moisture
content was at its peak in plots mulched with leaf litter of Azadirachta indica (2.5) while the least was recorded in
Podocarpus gracilior (0.9). However a longer duration effect of 45 days was achieved by Anacardium occidentale,
while Acacia Senegal recorded the shortest duration effect of 28 days (Table 4). Soil temperature was significantly
decreased (P<0.05) by the leaf litter mulch relative to the control (Table 3). Besides the control (29.8°C), Anacardium
occidentale recorded the highest temperature of 29.1°C while Azadirachta indica recorded the least temperature of
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27.6°C. The order of soil temperature of leaf litter mulches was Azadirachta indica>Spanthodea campanulata>
Acacia senegal> Podocarpusgracilior> Anacardium occidentale. The prime effect of soil temperature was highestin
Anacardium occidentale (-0.7) and the least value in Podocarpus gracilior (-2.2). The longest duration effect of soil
temperature was displayed in Anacardiumoccidentale (50days) mulched plots while the least was observed in Acacia
senegal (35 days).

The magnitude of desired effect depends on quality and durability of mulch. Application of leaf litter mulches in this
study resulted in enhanced soilmoisture content which would have been due to decrease in moisture evaporation from
the soil. Leaf litter mulches with less degradation value showed a longer duration effect of soil moisture and
temperature compared to those with high degradation value. Mulch has a great role in modification of soil
hydrothermal regimes. The water holding capacity of the soil improved through mulch degradation and humus
formation (Ji and Unger, 2001). This conserved moisture and balanced soil temperature is important for nutrient
transporting, translocation of assimilate, cell division, and cell differentiation (Teame et al., 2017).

Mulch Degradation

Table 5 shows the degradation assessment scores of leaf litter mulch during the period of growth at harvest oftomato.
Table 5: Degradation assessment scores of leaf litter mulch based on soil cowerage, damage and strength of
mulch at harvest of tomato

Leaf litter mulch Soil cowerage Damage Strength
(RTH m2)
Anacardiumoccidentale 7.3 269.5 53
Persea Americana 6.7 275.3 4.7
Spanthodea campanulata 6.3 286.4 43
Podocarpusgracilior 2.7 321.8 3.7
Azadirachta indica 33 398.3 2.7
Acacia Senegal 3.3 400.8 2.7

At harvest of tomato, the highest soil coverage score for degraded leaf litter mulch was recorded in Anacardium
occidentale (7.3), while the least soil coverage score was observed in Podocarpus gracilior (2.7). Within a square
meter, rips, tears and holes (RTH) were more pronounced in leaf litter mulch of Azadirachta indica (400.8). Less
damage was recorded in Anacardium occidentale with RTH value of 269.5. Except Anacardium occidentale, all other
leaf litter mulches had less than 50% of the initial mulch still brittle. The order of weakness of the leaf litter mulches
was Anacardium occidentale< Persea americana< Spanthodea campanulata< Podocarpus gracilior Acacia
senegal/Azadirachta indica. From the results mulches with smaller leaves (Podocarpus gracilior, Acacia senegal,
Azadirachta indica) degraded faster and showed more damages than mulches with larger leaves (Anacardium
occidentale, Persea Americana, Spanthodea campanulata). This is because the smaller leaves provided a larger
surface area for degradation. Surface area to particle size ratio controls deterioration because for a given volume of
material, the smaller particle size, the larger is the surface area exposed to degradation (the presence of joints also
enhances a material’s surface area) (Moncmanova, 2007)

Components of yield and tomato fruit yield

Table 6: Components of yield and tomato fruit yield as influenced by leaf litter mulch

Treatments No. of floners  No. of fruits Mean fruit Fruit yield
(plant1) weight (kgha')
@)
Control 16.7 13.8 24.8 14.8
Anacardiumoccidentale 18.3 15.2 27.6 16.3
Persea americana 19.0 16.0 29.3 18.1
Spanthodea campanulata 18.7 16.3 28.0 17.7
Podocarpusgracilior 18.0 17.9 28.8 17.8
Azadirachtaindica 20.7 195 29.7 20.8
Acaciasenegal 213 19.9 30.1 215
LSD (5%) 1.2 2.3 2.1 1.8.
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The tree leaf litter mulches significantly (P<0.05) enhanced number of flowers, number of fruits per plant, mean fruit
weight and fruit yield of tomato plants when compared to the control. Maximum number of flowers (21.3) was
achieved in Acacia senegal while Podocarpus gracilior and control recorded the least values of 18.0 and 16.7
respectively. Tomato plants mulched with leaf litter from Acacia senegal gave the highest number of fruits (19.9),
fruit weight (30.1 g) and fruit yield (21.5kg ha'l). Minimum values of number of fruits per plant (13.8), mean fruit
weight (24.89) and fruit yield (14.8 kg ha'l) were observed in unmulched (control) tomato plots. Accelerated yield
responses of tomato to plastic mulch have been reported in cool climates and dramatic yield response to organic mulch
in warmer regions. The positive effects of plant based organic mulches on enhancing yield components and yield of
tomato has been reported in other studies (Teasdale and Abdul-Baki, 1997, Kosterna, 2014; Tswanya et al., 2017).

CONCLUSION

The results of the study indicated that the urban mulches from leaf litterfall have positive influence on soil moisture
content and soil temperature. Smaller leaf litterfall from Podocarpus gracilior, Acacia senegal and Azadirachta indica
degraded faster and showed more damages than mulches with larger leaves (Anacardium occidentale, Persea
americana, Spanthodea campanulata). Tomato cultivated under leaf litter from Acacia senegal mulch gave the highest
number of fruits, fruit weight and fruit yield. The tree leaf litter mulches positively created a balanced soil moisture
and temperature which enhanced tomato yield.

RECOMMENDATION
The study recommends the use leaf litterfall fromurban trees as mulch in tomato cultivation as alternative to burning
the leaves.
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Abstract

Globally, the mountainscape pattern and its dynamics are currently an evolving interest in landscape ecology to
ensure proper monitoring, planning, and development ofa mountainous area. This study quantified the mountainscape
transformation and identified itsdrivers over the last two decades in Ado-Awaye Mountain (the harbour of Ado-Awaye
Suspended Lake), Nigeria. Field observations, remote sensing, geographic information technology and secondary
data collection methods (interviews and questionnaires) employed to determine the drivers, patterns, and dynamics
of the mountainscape. Landsat satellite imageries dataset (2000 and 2019) were acquired, pre-processed, and
subjected to a supervised image classification using the modified United State Geological Survey land cover
classification scheme. The resultsidentified three land use and land cover (LULC) classes. It revealed that the rocky
outcrop/bare-grounds/built-up area covered the highest landmass (112,140 hectares, 58.83%, and133, 920 hectares,
70.25%) in 2000 and 2019 respectively. The open secondary forest covered the least land mass (16,380 hectares,
8.59% and 17, 010 hectares, 8.92%) in 2000 and 2019 respectively. Most mountainscape transformation within the
period accounted for the transition between the predominant LULC and grassy with scattered shrubssavanna. Three
categories of underlying drivers (cultural, natural and technological) contributed to the transformation of the Ado -
Awaye Mountain. The artificial forest restoration programs recommended improving the destination’s serenity and
mitigating the negative impacts of climate change. Also, ecological-friendly approaches should be encouraged to

reduce the ecological impact of tourism infrastructural facilities and tourism activities.

Keywords: Mountain; Ado-Awaye; Pattern; Dynamics; LULC

INTRODUCTION

Mountainscape is a landscape associated with the mountainous regions. This landscape transformation is a gradual
process that usually depends on the rate of change and varying time scales (Lofvenhaft et al., 2002). The landscape is
dynamic with multifunctional, sequential, and continuous change which results from the interface between natural
processes and human factors (Raudsepp-Hearne et al., 2010; Gomes et al., 2011; Qiu and Turner, 2015). The human
factors involved different forms of human activities and had been one ofthe main drivers of landscape change (Haines -
Young, 2010; Mooney et al., 2013; Bicik et al., 2014). The human activities could be in the form of agricultural
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activities, urbanization, mining with negative impacts such as biodiversity loss, habitat fragmentation, siltation, change
in water quality and carbon loss (Dewi and Ekadinata, 2010; Temme and Verburg, 2011; Ishola et al., 2016).
Moreover, the LULC change remains the main driver of landscape transformation (Jensen et al., 2005; Bozkaya et al.,
2015). It affects land composition, pattern, and structure, and contributes to landscape fragmentation through the
sequence of changes in their ecosystem services and functions (Turner et al., 2013; Eleni et al., 2013; Mitchell et al.,
2015). Also, it influences the occurrence and distribution of biodiversity that leads to the alteration of ecosystem
services such as game viewing, mountain tourism, ecotourism (Wilson et al., 2003; Candinale et al., 2012). According
to Turner et al. (2007), the advent of technologies such as geographic information systems had enhanced
understanding of the drivers of LULC dynamics. Over the years, substantial efforts and breakthroughs made to
generate quantitative and qualitative information from remotely-sensed and geospatial data towards LULC detection
and its drivers’ determination (Zhang et al., 2011; Ahmad, 2013). Also, evolution in these technologies allowed for
LULC change detection on wide and varying temporal scales (Lu et al., 2004).

Ado-Awaye Mountain remains one of the unique mountainscapes in Southwest Nigeria. It harbours the only
suspended Lake (SL) in Africa, and it is one of two SL in the world with intrinsic natural and cultural resources. In
Nigeria, the majority of the populace is dependent on natural resources for livelihood improvement and survival
(James et al., 2015). The mountainscape of this potential mountain tourism destination not exempted from the undue
human pressure. But, there is little or no information on the transformation and drivers of Ado-Awaye Mountain.
Hence, this study quantified the mountainscape transformation and identified its drivers over the last two decades in
Ado-Awaye Mountain, Nigeria, using remotely-sensed data.

METHODOLOGY

The Study Area

The study was undertaken at Ado-Awaye Mountain -the habourof Ado-Awaye Suspended Lake in Southwest Nigeria
(Figure 1). This mountain is also referred to as the lyake Mountain that sprawls around the steep town of Ado -Awaye.
It lies about 20kmwest of Iseyin, Iseyin Local Government Area of Oyo State, and falls within the basement complex
of southwest Nigeria (Ibrahim, 2015). It is situated within Latitudes 07°048°00°N and 07°054°00”’N and Longitudes
003°018°00”’E and 003°030°00”’E with an approximate land cover area of 190.62 hectares (Olaniyi and Bada, 2020).
There is no major river within the catchment (lbrahim et al., 2015). The destination has an elevation of 433m above
sea level with a maximum annual rainfall of 1790-1850 mm (Olaniyi and Bada, 2020).
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Figure 2: Ado-Awaye Suspended Lake at Oyo State, Nigeria

Source: Olaniyi and Bada, 2020
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Data Collection and Analysis

The study used spatial data collected through the on-field observation with the aid of a hand-held Global Positioning
System (GPSMap 72s). Landsat 7 ETM+ and Landsat 8 OLI/TIRS imageries of two-time series (2000 and 2019)
respectively were acquired and pre-processed. The pre-processed images subjected to supervised image classification.
Three LULC classes identified using the modified United State Geological Survey land cover classification scheme
in ArcGIS 10.4 software environment to derive the land use and land cover type of Ado-Awaye Suspended Lake. On-
field observation with the aid of a hand-held G.P.S (GPSMap 72s) to collect training samples for supervised image
classification. The land use and land cover classes identified include rock outcrop/bare ground/built-up area, Open
secondary forest, and Grassy with scattered shrub savanna.

For change detection analysis, images obtained from the two-year time-series were classified separately (2000 and
2019) and then compared to detect the LULC dynamics. On-field observation and secondary data collection method
employed to identify the drivers of mountainscape transformation. The secondary data collection involved a multistage
sampling technique using interview (first stage) and semi-structured questionnaires (second stage) methods. Interview
method used to determine the perceived drivers of mountainscape transformation through open-ended questions.
According to Farina (2000), Burgi et al. (2004) and Antrop (2005), the perceived drivers of mountainscape
transformation categorized into cultural, natural and technological drivers. Then, semi-structured questionnaires using
five-Likert scale format designed and administered to five experienced contact persons with more than twenty years
experience ofthe study area. The contact persons’ responses coded and analyzed to determine the significance ofeach
perceived drivers through the computed means and standard errors.

RESULTS

Figure 2and Table 1 depicted the land use/land cover of Ado-Awaye Suspended Lake and attributes in 2000 and 2019.
Three categories were identified - rock outcrop/built-up/bare ground, open secondary forest and grassy with scattered
shrub savanna. The rocky outcrop/bare grounds/built-up areas covered the largest landmass of 112.14 hectares
(58.83%) in 2000, followed by the grassy with scattered shrub savanna with a landmass of 62.10 hectares (32.58%),
while the open secondary forest has the least landmass of 16.38 hectares (8.59%). Also, the rocky outcrop/built-
up/bare ground occupied the highest landmass (133.92 hectares, 70.25%) in 2019, while the open secondary forest
occupied the least landmass (17.01 hectares, 8.92%). The rocky outcrop/built-up/bare ground experienced the highest
increment in landmass (21.78 hectares, 11.43%) between 2000 and 2019. The grassy with scattered shrubs savanna
was the only LULC with a reduction in landmass (-22.41 hectares, -11.76%) within the study period.

Figure 3and Table 2 showed the transition matrix of the land use/land cover dynamics of the Ado-Awaye Mountain,
Nigeria. The highest transition in land cover mass (48.24 hectares, 25.30%) was experienced from grassy with
scattered shrubs savanna to rock outcrops/built-up areas/bare grounds, while the least transition in land cover mass
(1.44 hectares, 0.76%) was experienced from open secondary forest to grassy with scattered shrubs savanna.
Nevertheless, most landmass (78.03 hectares, 40.93%) occupied by the rocky outcrops/built-up areas/bare grounds
experienced no changes within the study period. Figure 4 showed the significance of the underlying perceived drivers
of Mountainscape transformation in Ado-Awaye Suspended Lake, Nigeria. The respondents perceived that the cultural
drivers (3.47 £0.39) such as illegal grazing, indiscriminate logging, and bush burning significantly contributed to the
mountainscape transformation of the study area. On the other hand, the technological driver, tourism infrastructural
facilities/tourism activities (1.53 + 0.20) minimally contributed to the mountainscape transformation.
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Figure 2: The land use/land cover of Ado-Awaye Suspended Lake, Nigeriain 2000 and 2019.

Table 4: The whole landscape’s attributes of land use/Land cower dynamics of Ado-Awaye Suspended Lake

in 2000 and 2019.

Land use/land cower classes

Area in hectares (Proportion in %) A in hectares (%)

2000 2019
Rocky Outcrops/Built-up areas/Bare-
grounds 112.14 (58.83) 133.92 (70.25) 21.78 (11.43)
Open Secondary Forests 16.38 (8.59) 17.01 (8.92) 0.63 (0.33)
Grassy with scattered shrubs savanna 62.10 (32.58) 39.69 (20.82) -22.41(-11.76)

Total area = 190.62 hectares
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Figure 3: Transition matrix of the land use/land cover dynamics of the landscape of the Ado-Awaye Suspended
Lake, Nigeria.

Table 2: Attributes of the transition matrix of the land use/ land cower dynamics of the landscape of the Ado-
Awaye, Suspended Lake, Nigeria.

Land use/land cower transition classes Land cower transition
Area cower (Ha) Proportion

Class 1 (No change) 78.03 40.93
Class 1 toClass 2 4.68 2.46
Class 1toClass 3 29.43 154
Class 2 toClass 1 7.65 4.01
Class 2 (No change) 7.29 3.82
Class 2 toClass 3 144 0.76
Class 3 toClass 1 48.24 25.30
Class 3 toClass 2 5.04 2.64
Class 3 (No change) 8.82 4.63

Total= 190.62 hectares
Rocky Outcrops/Built-up areas/Bare grounds (Class 1),
Open Secondary Forests (Class 2), Grassy with scattered shrubs savanna (Class 3)
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Figure 4: The significance of the underlying perceived drivers of Mountainscape transformation in Ado-Awaye
Suspended Lake, Nigeria.

DISCUSSION

The study analyzed the LULC pattern and change that occurred within 2000 and 2019 in Ado-Awaye Suspended Lake,
Nigeria using remotely-sensed data and GISanalysis. It revealed that the rocky outcrops/built-up areas/bare grounds are the
most predominant LULC due to the mountainous nature of the studied area’s landscape. Also, the grassy with scattered
shrubs savannawas the dominant vegetation, and it covered the mountainous region, most especially its cliffand steep sides.
This assertion supported the submissions of Aweto and Adejumobi (1991) and FORMECU (1998) that the studied area
situated within the southern guinea savannaand characterized by grasses and scattered shrubs. According to Thlakma et al.
(2018), mountainous regions usually associated with soil erosion, and its vegetation had great potential to control the
erosion.

On the other, the open secondary forest had the least landmass coverage in the destination. Forest trees believed to prevent
poor mental health, and to provide a serene and suitable environment forhumans to rest theirminds (Stigsdotter et al., 2011;
FOREST EUROPE, 2019). It implied the non-serenity of Ado-Awaye Mountain due to its scarce and open forest trees,
although this property increased over the years. Based on the LULC transition matrix, the grassy with scattered shrub
savanna reduced drastically overthe studied period. The reduction was majorly accounted for by its removaland conversion
to rocky outcrops/built-up areas/bare grounds. However, the dynamism of the shrubby savanna attributed to a few
underlying factors. They are overgrazing, indiscriminate logging, bush burning, climate change, human trampling, and
tourism infrastructural development. According to Olaniyi and Bada (2020), the mountain harboured the only suspended
Lake in Africa and lacked effective management to mitigate the negative impacts of tourismuses on its ecological resources.
Within the last two decades, three categories of underlying drivers contributed to the transformation of the Ado-Awaye
Mountain. The drivers are cultural, natural and technological. Ado-Awaye Mountainscape transformed due to the high
pressure fromovergrazing by the Fulani herdsmen and the inhabitants. Also, uncontrolled logging and indiscriminate bush
burning posed threats to the landscape. These activities occurred during the dry season - a period with low impedance to
mountainscape accessibility. Desertification due to climate change threatened and caused the disappearance of grassy with
scattered shrub vegetation. The increased rate of desertification observed in different parts of Nigeria (Olagunju, 2015;
Mirzabaev et al., 2019). Mountainous regions discovered to have less support to preserve their vegetation due to the
prevailing harsher condition from climate change than other ecosystems (Tsering et al., 2010; Vanneste et al., 2017).
According to Wang et al. (2016) and Zhu et al. (2017), the consequences of an increase in rock outcrops include vegetation
degradation and desertification, redistribution of biodiversity, soil erosion. A few tourism infrastructural facilities such as
the 245 stepped walkway, mini relaxation structure, and a wooden bridge constructed to enhance cultural and mountain
tourism activities (Olaniyi and Bada, 2020). The site excavation during the construction contributed to the vegetation
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removal on the mountainscape. Therefore, the impacts of the above driving forces aligned with the view of Beniston (2003)
that mountainous landscapes are fragile environments prone to damage when exposed to some factors.

CONCLUSION

This study had provided information on the type, pattern, rate, and drivers of land use/land cover changes in Ado Awaye
Suspended Lake, Nigeria within 2000 and 2019. It revealed that the rocky outcrops/built-up areas/bare grounds and grassy
with scattered shrubs savanna are the most predominant LULC and vegetation respectively. Despite the slight increase in
the open secondary forest over the years, its low coverage implied the non-serenity ofthe mountainous landscape. However,
the dynamism in the dominant vegetation (grassy with scattered shrub savanna) attributed to a fewunderlying factors. They
are overgrazing, indiscriminate logging, bush burning, climate change, human trampling, and tourism infrastructural
development. Therefore, effective management strategies such as artificial forest restoration programs recommended
improving the destination’s serenity and mitigating the negative impacts of climate change. Prohibition of overgrazing to
reduce undue pressure on the grassy with scattered shrub savanna. Ecological Ecological-friendly approaches should be
encouraged to reduce the ecological impact of tourism infrastructural facilities and tourismactivities.

REFERENCES

Ahmad, F. (2013). Land Degradation Pattern Using Geo-Information Technology for Kot Addu, Punjab Province, Pakistan.
Global Journal of Human Social Sciences Geography, Geo-Sciences and Environmental, 13: 536-542.

Antrop, M. (2005). Handling landscape change. “Landscape Change” Conference Proceedings, ECLAS 2005, Ankara, 3-

15.

Aweto, A.O. and Adejumobi, D.0.(1991). Impact of Grazing on Soil in the Southern Guinea Savanna Zone of Nigeria.
Environment Systems and Decisions, 11(1): 27-32.

Beniston, M. (2003). Climatic change in mountain regions: a review of possible impacts. Climatic Change, 59:5-31.

Bicik, I., Himiyama, Y., Feranec, J., Kupkova, L. (2014). Land use/cover changes in selected regions in the world — IX.
IGU Commission on LUCC, Charles University in Prague: Prague.

Bozkaya, A.G., Balcik, F.B., Goksel, C., Esbah, H. (2015). Forecasting land-cover growth using remotely sensed data: a
case study of the Igneada protection area in Turkey. Environmental monitoring and assessment, 187: 59-77.
doi:10.1007/s10661-015-4322-2

Burgi, M., Anna, M., Nina, S. (2004). Driving forces of landscape change — current and new directions. Landscape Ecology,

19:857-868.

Dewi, S. and Ekadinata, A. (2010). Landscape dynamics over time and space froman ecological perspective. Working paper
103. Bogor, Indonesia: World Agroforestry Centre (ICRAF), Southeast Asia Program.

Eleni, Y., Wolfgang, W., Michael, EK., Dagnachew, L., Glinter, B. (2013). Identifying Land Use/Cover Dynamics in the
Koga Catchment, Ethiopia, from Multi-Scale Data, and Implications for Environmental Change. ISPRS Int. J. Geo-
Inf. 2: 302-323.

Farina, A. (2000). Landscape ecology in action. Kluwer Academic Publishers, Netherlands

FOREST EUROPE, (2019). Human Health and Sustainable Forest Management by Marusakova L. and Sallmannshoferet
M., et al. FOREST EUROPE Study, Liaison Unit Bratislava. Pp170.

FORMECU, (1998). The Assessment of Vegetation and Land use Changes in Nigeria. Geomatics International Inc. for
Federal Department of Forestry, Abuja, Nigeria.

Gomes, V., Ribeiro, R., Carretero, M.A. (2011). Effects of urban habitat fragmentation on common small mammals: Species
versus communities. Biodivers. Conserv., 20: 3577-3590.

Haines-Young, R.H., Potschin, M.B. (2010). The links between biodiversity, ecosystem services and human well-being, -
In: Raffaelli, D., Frid, C. (eds.) Ecosystem Ecology: a New Synthesis, Cambridge University Press, Cambridge.

Ibrahim A.T. (2015). Geological Characteristics and Petrographic Analysis of Rocks of Ado-Awaiye and its Environs,
Southwestern Nigeria. International Journal of Applied Science and Mathematical Theory, 1(8): 28-47.

Ishola K.A., Okogbue E.C. and Adeyeri O.E. (2016). Dynamics of Surface Urban Biophysical Compositions and its Impact
on Land Surface Thermal Field. Mod. Earth Syst. Environ. 2 (208): 1-20. DOI 10.1007/s40808-016-0265-9.

James, R., Washington, R. and Jones, R. (2015). Process-based assessment of an ensemble of climate projections for West
Africa. Journal of Geophysical Research: Atmospheres,120(4): 1221-1238. doi: 10.1002/2014jd022513

Jensen, J.R. (2005). Introductory digital image processing: a remote sensing perspective, 3nd edn, Vol., pp. Pages, 3nd
Edition, NJ: Prentice-Hall.

Lofvenhaft, K., Bjorn, C., lhse, M. (2002). Biotope patterns in ur-ban areas: a conceptual model integrating biodiversity
issues in spatial planning. Landsc. Urban Plann., 58: 223-240.

Lu, D., Manusel, P., Brondizio, E., Moran, E. (2004). Change detection techniques. International Journal of Remotes
Sensing, 25: 2365-2407.

Mirzabaev, A., Wu, J., Evans, J., Garcia-Oliva, F., Hussein, 1.A.G, Igbal, M.H., Kimutai, J., Knowles, T., Meza, F.,
Nedjraoui, D., Tena, F., Tirkes, M., Vazquez, R.J. and Weltz, M. (2019). Deserttification. In: Climate Change and
Land: an IPCC special report on climate change, desertification, land degradation, sustainable land management,

192



food security, and greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V.
Masson-Delmotte, H.-O. Portner, D.C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat, E.
Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Wyas, E. Huntley, K. Kissick, M. Belkacemi,
J. Malley, (eds.)]. In press.

Mitchell, M.G.E., Bennett, EM. and Gonzalez, A. (2015). Strong and nonlinear effects of fragmentation on ecosystem
service provision at multiple scales.Environ. Res. Lett.,10: 094014

Mooney, H.A., Duraiappah, A., Larigauderia, A. (2013). Evolution of natural and social science interactions in global
change research programs. PNAS, 110(1): 3665.

Nutrients to Nearby Soil Patches in Three KarstEcosystems in SW China. PLoS ONE 11(8):e0160773.
doi:10.1371/journal.pone.0160773

Olagunju, T.E.(2015). Drought, desertification and the Nigerian environment: A review. Journal of Ecology and the Natural
Environment,7(7): 196-209. doi: 10.5897/JENE2015. 0523.

Olaniyi, O.E. and Bada, B.G. (2020). Location Suitability of Ado-Awaye Suspended Lake, Oyo State, Nigeria to Mountain
Tourism: A Geospatial Technology Approach. Journal of Settlements and Spatial Planning, 6, 51-56.

Qiu, J. and Turner, M.G. (2015). Importance of landscape heterogeneity in sustaining hydrologic ecosystemservices in an
agricultural watershed. Ecosphere, 6(11): 1-19.

Raudsepp-Hearne, C., Peterson, G.D. and Bennett, EIM. (2010). Ecosystem service bundles for analyzing tradeoffs in
diverse landscapes.Proc. Natl Acad. Sci., 107: 52425247

Stigsdotter, U.K., Palsdottir, A.M., Burls, A., Chermaz, A., Ferrini, F. and Grahn, P. (2011). Nature-Based Therapeutic
Interventions. In Nilsson, K., Sangster, M., Konijnendijk, C.C. (auth.), Kjell Nilsson, Marcus Sangster, Christos
Gallis, Terry Hartig, Sjerp de Vries, Klaus Seeland, Jasper Schipperijn (eds.), Forests, Trees and Human Health,
Springer Netherlands. pp 309-343. DOI 10.1007/978-90-481-9806-1_11.

Temme, J.M. and Verburg, P.H. (2011). Mapping and modelling of changes in agricultural intensity in Europe. Agriculture,
Ecosystems & Environment, 140:46-56.

Thlakma, S.R., lguisi, E.O., Odunze, A.C. and Jeb, D.N. (2018). Estimation of Soil Erosion Risk in Mubi South Watershed,
Adamawa State, Nigeria. J of Remote Sensing & GIS 7(1): 226. DOI:10.4172/2469-4134.1000226

Turner, B.L., Lambin, E.F. and Reenberg, A. (2007). The emergence of land change science forglobal environmental change
and sustainability.Proceedings of the National Academy of Sciencesof the United States of America,104:20666—
20671.

Turner, M., Donato,D. and Romme, W. (2013). Consequences of spatial heterogeneity for ecosystemservices in changing
forest landscapes: priorities for future research.Landsc. Ecol., 28: 1081-1097

Tumer, M.G.,, Gardner, RH., O’Neill, R.V. (2001). Landscape Ecology in Theory and Practice: Pattern and Process;
Springer: New York, NY, USA. p404.

Vanneste, T., Michelsen, O., Graae, B.J., Kyrkjeeide, M.O., Holien, H., Hassel, K., Lindmo, S., Kapa’'s, R.E. and Frenne,
P.D. (2017). Impact of climate change on alpine vegetation of mountain summits in Norway. Ecol Res., 32: 579-593
DOI 10.1007/s11284-017-1472-1.

Wang, D., Shen, Y., Li, Y. and Huang, J. (2016). Rock Outcrops Redistribute Organic Carbon and

Wilson, E. et al. (2003). Development of a geospatial model to quantify, describe and map urban growth. Remote Sensing
of Environment, 86: 275-285. http://dx.doi.org/10.1016/S0034-4257(03)00074-9

Zhang, W.W., Yao, L., Li, H., Sun, D.F., Zhou, L.D.(2011). Research on Land Use Change in Beijing Hanshigiao Wetland
Nature Reserve using Remote Sensing and GIS. Procedia Environmental Sciences, 10: 583-588

Zhu, X,, Shen, Y., He, B. and Zhao, Z. (2017). Humus soil as a critical driver of flora conversion on karst rock outcrops. Sci
Rep, 7: 12611. DOI:10.1038/s41598-017-13060-5.

193


https://doi.org/10.1038/s41598-017-13060-5

Role of Sustainable Forest Management in Rural Livelihoods in

Nigeria

Lyekinni T., 2Ishola O., 20moniyi, L. 20gunyinka, A. and 2Adeeko, A.

'Department of Agricultural Extension and Rural Development, Faculty
of Agriculture, University of Ibadan

2Federal University of Technology, Akure, Nigeria:

*Correspondence: tosinisho@gmail.com ; 08067033735

Abstract

Access to forest resources helps rural households diversify their livelihoods. They serve as an important coping strategy
and a pathway out of poverty through household income sustainability. However, overexploitation by humansand climate
change have led to huge losses in forest resources with adverse effects on their role as a key source of environmental
biodiversity, hydrological regulation, climate change mitigation and habitat. The paper discussed the importance of forest
ecosystem in rural livelihoods and highlighted sustainable forest management practices for the promotion of rural
livelihoods in Nigeria. Forests provide inputs for rural households' subsistence use and into their agricultural systems. They
act assafety netsin periodsof crisisor during seasonal food shortages. This makesthem prone to excessive exploitation by
local communities. The situation is aggravated by the sensitivity of forests to climate. The result is the deplorable state of
erstwhile flourishing forests in Nigeria. Sustainable Forest Management ensures the utilization of forest resources in a
manner that the biodiversity, productivity, regeneration capacity, vitality and every of its potential are maintained for
current and future purposes. Conservation, afforestation, characterization of high quality germplasm ofvaluable trees and
disease control are essential to the maintenance offorest health, vitality and productivity in sustainable forest management.
As mitigation actions such as afforestation or curbing of deforestation need to be properly planned and linked to local
adaptation policiesin related sectorsto help local people better their livelihoods and withstand negative effects ofclimate
change, the study suggested a holistic and multidisciplinary approach that entails collaborative effort among all
stakeholders. This takes cognizance of the diverse but rational interests of all the stakeholders in the exploitation and
conservation of forests. Moreover, timber harvesting methods that harmonise long term productivity, especially for co-

existing NTFPs vulnerable to loss of forest cover should be integrated into silvicultural systems.

Keywords: Forests, rural livelihoods, climate change, rural poverty, sustainability

INTRODUCTION

According to Food and Agriculture Organisation (2000), a forest is a land area of more than 0.5 hectares, with a tree canopy
cover of more than 10 percent and not primarily under agricultural or other specific non-forest land use. The trees should
be able to reach a minimum height of 5metres. Forests include natural forests and forest plantations. Forests are determined
by the presence of trees and the absence of other predominant land uses. It is defined as a tract of land covered by plant
association predominantly composed of trees and other woody vegetation (Adeniyi, 2016). They are viewed as ecosystems
or vegetation types supporting unique assemblages of plants and animals. Forests could also be landholdings legally
designated as forests irrespective of existing vegetation cover. (Chazdon et al., 2016).
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Forests are home to diverse animal species, about 80 percent of the world’s terrestrial biodiversity. They also form the
source of livelihood for many different human settlements, including 60 million indigenous people. They help keep the
climate stable, absorbing carbon dioxide and releasing oxygen. They regulate water supply and improve its quality. Nigeria
has a land area of 99.3 million hectares and forests make up about 10 percent of this land area. The Nigerian forest is made
up of over 500 species of trees which attain a height of 12mand a girth of 60cm. The forest ecosystem contains many
valuable plant species which are of considerable value in providing food, shelter, drugs and fibres. There may be over 6000
Non-Timber Forest Products (NTFPs) species in Nigeria. Like other forests, Nigerian forests provide shelter, livelihoods,
water, food and fuel security. All these activities directly or indirectly involve forests (Okunlola and Akinyele, 2014).

However, despite their essentiality, forests are becoming increasingly threatened by human exploitation and climate change.
This has led to huge losses in forest resources thereby hampering the pursuit of rural livelihoods, increasing their
vulnerability and reducing the amount of income that can be gathered by rural livelihoods. It is against this backdrop that
the study aims to discuss the importance of forest ecosystem in rural livelihoods and highlight sustainable forest
management practices for the promotion of rural livelihoods in Nigeria.

Forest Ecosystem and Rural Livelihoods

Rural livelihoods refer to the diversity of capabilities, assets and activities that rural people, households and communities
require to earn and secure their living (Food and Agriculture Organisation (FAQ), 2003; Cambodia Human Development
Report, (CHDR), 2011). Livelihood assets or resources range from natural, physical, social and financial to human assets.
Forests as natural assets, play a crucial role in rural livelihoods and consequently, poverty alleviation. Forests account for
about 25 percent of rural peoples’ income in developing countries. They provide inputs for rural households' subsistence
use and into their agricultural systems. Access to forest resources also helps ruralhouseholds diversify their livelihood base
and lower risk (Dil, Bhagirath and Akhter, 2016). Thus, they act as safety nets in periods of crisis or during s easonal food
shortages (Langat et al ., 2016).

More than 70 percent of households in Nigeria depend directly on fuel wood as their main energy source and its daily
consumption is estimated at 27.5 million kg/day (Ogunsawa and Ajala, 2002; Zaku et al., 2013). Other uses of forest
resources among rural households include wood for charcoal production; pole-size wood forhousing and furniture; weaving
fibers for baskets, medicine extraction among others (Oriola, 2009). Harvesting and processing in many areas have
contributed significantly to the welfare of rural households through subsistence exploitation and sales at local markets.
While in the high forest zones of Eastern and Western Nigeria, harvesting of snails is a major income generating activity
(Onuche, 2011), fuelwood, locust bean seeds, honey and gumarabic generate a lot of income for rural households in Central
and Northern Nigeria. They help to cushion the effects of income shortfalls such as during illness within the household and
natural disasters. Access to forest resources helps rural households diversify their livelihoods thereby complementing other
sources ofhousehold income. This serves as an important coping strategy and a pathway out of poverty through household
income sustainability (Kabubo-Mariara and Gachoki, 2008). In developing countries, there is the dominance of climate-
sensitive sectors such as agriculture and forestry. This exposes themto a higher risk fromany unusual change in climate
phenomena and may perpetuate poverty. In Nigeria, poverty is largely situated in rural areas. It manifests in the form of
low incomes, savings and growth; high level of inequality attributable to unequal access to income opportunities and basic
infrastructure; poor education and health.

Natural resources are climate-sensitive. Thus, availability of local water supplies, fuel wood, reeds for basket- making and
wild herbs among others are oftentimes, adversely affected by climate change. It increases a range of livelihood threats and
vulnerabilities rather than being an isolated specific case. Its speed and intensity are threatening the ability of the poor
especially, rural societies to cope. It contributes to the reduced resilience of key forest ecosystems and biodiversity that
support rural livelihoods (United Nations Development Programme, 2012; Population Reference Bureau, 2013). According
to World Wildlife Fund (2020), human impacts have already led to the loss of around 40 percent of the world’s forests.
Thousands of hectares of land are lost annually in Nigeria due to human exploitation, especially for fuel wood. This has led
to worsening access to NTFPs and the reduction in theirsupply has been worsened. In most parts of the world, deforestation
has made fuel wood to be located farther fromwhere people live, making its gathering more physically draining, especially
for women and girls who are responsible for this task.

SUSTAINABLE FOREST MANAGEMENT

Forests are carbon sinks and sources. They act as sources of greenhouse gases when they are destroyed and as sinks for
carbon when they grow or expand. Forests are prime tools for climate change mitigation, especially in developing countries.
Reducing emissions from deforestation and forest degradation in developing countries (REDD) are achievab le through
conservation and enhancement of carbon stocks through sustainable forest management. Sustainable forest management
(SFM) is therefore, the stewardship and use of forests to meet specific environmental, economic, social and cultural
objectives. It is the sustainable use and conservation of forests with the aim of maintaining and enhancing multiple forest
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values through human interventions (FAO, 2020). It is the use of forest land in a way and at a rate that maintains their
biodiversity, productivity, regeneration capacity, vitality and their potentials to fulfill now and the future relevant ecological,
economic and socialfunctions at local, national and global levels which does not cause damage to other ecosystems (Oriola,
2009; Adeniyi, 2016). SFM addresses environmental services like climate change mitigation and biodiversity protection at
the global level. The socioeconomic, environmental and cultural importance of forests are considered at the national level.
Forests are maintained in local conditions in compatibility with ecological and social processes that sustain the forest
ecosystem. This entails the long term protection of the biological diversity, soil conservation, watershed regu lation and
climatic regulation. Sustainability of forest ecosystem therefore, is aimed at building resilience, increasing productivity of
forests and reducing the emission of greenhouse gases. It requires an integrated approach to achieving changes in processes,
systems and structures in the management of forest resources in order to address the challenges of climate change. This
makes it possible for forest resources to meet the needs of the present generation without compromising the ability of future
generations to meet their own needs.

The seven thematic components of SFM are the extent of forest resources; forest biological diversity; forest health and
vitality; productive functions of forest resources; protective functions of forest resources; socioeconomic functions of fore st
resources and the legal, policy and institutional framework (FAO, 2020). Forest resources can be sustained by first
understanding the threats to the forest ecosystem; conservation and maintenance of accumulated carbon stocks in forests;
increasing carbon stocks through afforestation; modification of forest species composition and tree size and age
distributions; promoting planting of more resilient tree genotypes and characterizing high quality germplasm of valuable
trees and planting trees to provide shade, stabilize soils and alter hydrology to reduce the expected impacts of precipitation
and temperature changes. Others include fire protection of forests, improved disease control, increasing the length of time
before harvest, thinning and selection harvests to reduce the fire risk and intensity, retention of existing forests, reducing
the regeneration delay following harvests, and promoting tree planting outside forests, especially in urban areas (Oriola,
2009). The genetic resources of wild and semi-domesticated tree species and their varieties are essential to human wellbeing
as sources of fruits, medicines, fiber, resins, oiland bioenergy. They contribute to improved income, health and food security
for rural households living in and around biodiversity-rich forests. There is also need for effective long-term approaches to
maintain genetic diversity and ecosystem functions of other useful tree species including wild relatives and relatives and
cultivars of important tree crops such as cacao, coconut and coffee.

Polycyclic silvicultural systems (selective logging) are the predominant forest management systems in the tropics. They
focus exclusively on the extraction of a few valuable timber species and usually disregard impacts on other forest resources
and environmental services. Harvesting cycles for timber span many years. This limits the access to regular incomes for
local communities from genetic diversity and NTFPs in such forest areas meant for timber producers, hydrological
regulation and carbon sequestration. Harvesting of NTFPs within cutting cycles of timber will ensure continuous revenue
for rural livelihoods. Proper timber harvesting regimes that pose no hindrance to access of NTFPs among local communities
therefore constitute a key component of SFM (Centre for International Forestry Research (CIFOR), 2010). SFM is therefore,
aimed at building resilience, increasing productivity of forests and reducing the emission of greenhouse gases. It requires
an integrated approach to achieving changes in processes, systems and structures in the management of forest resources in
order to meet the needs of the present generation without compromising the ability of future generations to meet their own
needs.

CONCLUSION

In Nigeria, forests play a crucial role in rural livelihoods. Rural livelihoods are characterized by low earnings and poor asset
base. This condition is worsened by overexploitation of forest resources and climate change. Sustainable forest management
ensures both a healthy and productive forest ecosystemacross all seasons. This will facilitate livelihood diversification for
greater income generation and consequently, improved welfare conditions for rural households.

RECOMMENDATIONS

In order to ensure the availability of forest resources for the sustenance of rural livelihoods, there is need for a holistic and
multidisciplinary approach that entails collaborative effort among all stakeholders. Such joint effort fromlocal communities
including the forest dwellers and local farmers; private sector such as the logging companies; forest and other relevant
government departments and policy makers, takes cognizance of the diverse but rational interests of all the stakeholders in
the exploitation and conservation of forests. Conservation must be considered as a means of improving livelihoods in the
context of sustainable forest management. Moreover, timber harvesting methods that harmonise long term productivity,
especially forco-existing NTFPs vulnerable to loss of forest covershould be integrated into silvicultural systems. Harve sting
of NTFPs within cutting cycles of timber will ensure continuous revenue for rural livelihoods.
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Abstract
Geographic Information Systems (GIS) and Remote Sensing (RS) have proven to be an accurate means of determining

Urban Green Space (UGS), extent and pattern ofchangesin land use land cover ofa large area of land over time. However,
there is dearth of information on spatial variation of UGS and its perceived factors in Ado-Ekiti. Therefore, this study
adopted RS and GIS techniques to determine the factors responsible for the UGS changes in Ado-Ekiti metropolis. Map of
Ado-Ekiti metropolis and Landsat imageries of 1987 (TM), 1998 (TM) and 2019 (OLI) were obtained. A set of 112 well-
structured questionnaire was randomly administered to respondentsin the study area. Map of Ado -Ekiti was georeferenced
and digitized to obtain its shapefile. Landsat imageries were classified using the maximum likelihood algorithm of
supervised classification in ArcGIS. The shapefile was superimposed on the classified imageries and clipped for
determination ofland use land cover sizes. The questionnaire were analyzed to determine the perceived factorsresponsible
for the spatial variation in the UGS using logit regression model in STASTICA. Four land use land cover; Green spaces,
Built-up area, water body and bare land, were identified in Ado-Ekiti metropolis. The UGS decreased from 76.1% in 1987
t0 32.1% in 2019. In the same vein, water body reduced from 0.3% to 0.1% in 1987 to 2019 respectively. However, built
up area and bare land increased from 20.3% and 7.5% to 54.6% and 13.2% in 1987 to 2019, respectively. Spatial and
temporal variation in UGS was significantly influenced by population growth (103760.20 Odds-Ratio) and demand land
for agriculture (15.53 Odds-Ratio) as represented with the equation FAUGS =-26.78+11.50(PG) - 20.20(Poverty) —
15.04(LLE) -12.59(DT) + 2.74(AGR). However, other factors, whose contributions were notsignificantinclude lack oflaw

enforcement, demand for timber and poverty.

Keywords: Land use cover, urban green space, geographic information system (GIS), remote sensing (RS) and perceived

factors,

INTRODUCTION

Urban greenspace is the publicly managed vegetative areas within an urban environment such as forested land, wilderness,
street trees, parks, gardens, backyard gardens, geological formations, coastal areas and agricultural lands (Mclintyre et al.,
2000). There has been growing interest in green space research as it has a positive influence on human well-being and
livelihood (Agbelade, et al., 2017). Urbanization is rapidly evolving throughout the world. It is an inevitable process that
goes along with economic development and rapid population growth. According to UN, (2007), 70 percent of the global
population will live in urban areas by 2050 as cities now house slightly more than half of the world’s population. According
to Rimal, (2011), when the residential and commercial land uses at the peripheral of metropolitan areas are converted to
green environment, this is considered to be a sign of regional economic liveliness whose benefits are increasingly unbiased
against ecosystem impacts. Urbanization processes in Ado-Ekiti metropolis is envolving and have generated some
geomorphological impacts in the city. The increase in infrastructural development in this city has transformed the city and
the land use pattern into a more vibrant urban settlement. The expansion of the city both demographically and spatially has
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affected the plant biodiversity and the rapid population growths have impacted negatively on the plant conservation. The
rate of these changes in green space is not well defined and documented which invariably will lead to poor urban green
space management and environmental planning. Alo and Akindele (2011) reported that information in forestry sector was
scares or where available, may not be up-to-date. Therefore, the status, extent and changes over time of UGS in Ado-EKiti
is not currently known. Although, previous study on land use land cover measurement in Ado-Ekiti metropolis focused on
qualitative analysis, that is, changes in land use land cover changes in terms of spacing, increased pollution and waste
generated (Oriye, 2013). However, there is limited information on the quantitative aspect of UGS in the study area.
Therefore, this study aimed at determining the changes in the urban green space of the study area between 1987 and 2019
and the factors responsible for these changes.

METHODOLOGY

Study Area

Ado-Ekiti metropolis is located on latitudes 7° 35 and 7° 39° N of the Equator and Longitudes 5° 10" and 5° 19" E of the
Greenwich Meridian. It is situated to the North of Ikere-Ekiti, West of Are-Ekiti and Afao-Ekiti, East of lyin-Ekiti and
Igede-Ekiti, and south of Iworoko-Ekiti (Figure 1). The low relief and gentle gradient characteristics of Ado-Ekiti favour
agricultural and construction activities and make much of the metropolis susceptible to erosion and flood hazards during
the rainy season (Awosusi and Jegede, 2013). Ado-Ekiti has a plan metric area of about 884km2. Geologically, the region
lies entirely within the pre-Cambrian basement complex rock group, which underlies much of Ekiti State (Awosusi and
Jegede 2013). The temperature of this area is almost uniformthroughout the year, with very little deviation from the mean
annual temperature of 27°C. February and March are the hottest 28°C and 29° C respectively, while June with a temperature
of 25°C is the coolest (Adebayo, 1993; Nwatu, 2018). The mean annual total rainfall is 1367 mm with a low co -efficient
variation of about 10%. Rainfall is highly seasonal with well-marked wet and dry season. The wet season is between April
to October, with a break in August.
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Figure 1: Ado-Ekiti metropolis

Source: Adapted from Abegunde et al., (2018)
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Data Collection

Image acquisition and classification

Landsat imagery data were downloaded from USGS Earth BExplorer. The Thematic Mapper (TM) imagery of 1984, 1998
and Operational Land Imager (OLI) imagery of 2019 were downloaded. The spatial resolution of landsat imageries is 30 m.
They were used for image classification. Vector data used includes the shapefile of Ado-Ekiti metropolis, which was
digitized. This study utilized Maximum Likelihood Classification Algorithm for the classification. The supervised
classification method using the Maximum-Likelihood Classification (MLC) was used to classify the imageries into two land
cover categories; Forested and Non-Forested (Built-up, Waterand Bare surface) classes. Visualization and change detection
maps were done using ArcGIS software.

Table 1. Satellite data

Satellite id Year Sensor id Path/row Spatial resolution
Landsat 5 1987, 1998 ™ 190/55 30m
Landsat 8 2019 OLI/TIRS 190/55 30m

Table 2: Adopted modified version of the Anderson scheme of land use/cower classification.

LULC Categories Description

Built-up area Residential, commercial and services, transportation, communications, and utilities, industrial and
commercial areas

Vegetation Cropland, orchards, vineyards, nurseries, and confined feeding operations, plantation and mixed
forest

Bare land Sandy areas, barely exposed rock, transitional area and open land

Waterbody Streams, lakes, and reservoirs

Source: Monica Cavinaw Geography, (2007)

Change Detection Analysis

It involved the comparison of independently classified images of different intervals. It aided in identifying the rate of change
in percentage that has occurred within the selected years. To achieve this, the area in hectares and the percentage of each
year was determined. This was calculated using the following equations:

%A in year = YZY_Yl X A00 ot (eq. )

1
Y1

Average Rate of Change = R TSNS ST USRS U RT USSR (eq. 2)
Ty—Tq

h
Average Rate of Change (y_:)

%Average Rate of Change = X100 .....ccoeevnvvieeneenen. (€092 3)

Years Difference

Where: Y2 — Y1 is the observed change; T2- Ti is the difference between the final period and the initial period; Y2 is the
ending year; Y1 is the starting year

Accuracy assessment

To determine the level of error in the classification, an accuracy assessment was carried out. This involves comparing the
classified and actual reference unit, an error matrix table was formed. According to Olofsson et al., (2013), the matrix
reveals errors of commission and omission. The User accuracy (Ua) and Producer accuracy (Pa) and overall statistics were
calculated. To determine the accuracy of image classification, kappa statistics was used. It measures the agreement between
the reality and the model predictions or to know if the error matrix values represent a result significantly better than rand om
(Jensen 1996, Congalton 1991). It was computed using equation4.

T r
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where N = total number of sites in the matrix, R = number of rows in the matrix x; = number in row i and column i
x,; = total for row i; x,, = total for column i x;; = total number in row i column i

UGS Perceived Factors

A total of 112 structured questionnaire was administered using simple randomization within the locals in the metropolis.
These comprised 56 questionnaire each for households and the government officials in Ministries of Land and Housing
Planning, Environment and Forestry. This was done to capture the views of both the elites that might be well informed with
data and residence that might knowthe history of the metropolis. The retrieved questionnaire was coded and analyzed using
Logit regression model in STATISTICA to determine the perceived factors that contributed significantly to the spatio -
temporal variation in UGS in Ado-Ekiti metropolis.

RESULTS AND DISCUSSION

Table 3 showed the land cover classified in the study area from 1984 to 2019. There was a significant loss in UGS in Ado-
Ekiti from 76.1% in 1987 to 32.1% in 2019. This loss in UGS is gained by built-up area and bareland, which consequently
increased from 20.3% and 7.5% in 1987 to 54.6% and 13.2% in 2019 respectively. The percentage change in the UGS in
Ado Ekiti metropolis between 1998 (64.4%) and 2019 (32.1%) was more than changes recorded between 1987 (76.1%) and
1998 (64.4%). The high percentage change recorded between 1998 and 2019 could be as a result of the creation of Ekiti
State in 1996 from the old Ondo State. As a result, there was rural-urban drift to Ado-Ekiti as the capital of Ekiti State,
thereby increasing the social infrastructures and amenities in Ado-Ekiti. Therefore, increase in population growth within
the metropolis led to increase in demand for land, for infrastructural developments and other human related activities which
had effect on the green spaces in the study area. This is in line with the findings of Agboola (2019), that a considerable
change in the pattern and process of land use in Ado-Ekiti metropolis had effect on it land cover. This is also
corroborated by Kong and Nakagoshi (2005) and Angi and Edwin (2019) that UGS reduction was influenced by urban
sprawl, which also increase the population and consequently increased the built up area. In a similar finding, Alo and
Aturamu (2014) argued that increase in infrastructure and population significantly reduces forestland. Our result indicated
drastic reduction in UGS which is a threat to biodiversity conservation, increase in land surface temperature of the city and
harsh climatic conditions.

Table 3: Land Cower Classification (1987, 1998 and 2019)

1987 1998 2019

Classes Area (km?)  Area (%) Area Area Area (km?)  Area
(krr?) (%) (%)

Green Spaces 89.7 76.1 75.8 64.4 37.8 32.1

Built-Up 20.3 17.2 34.8 295 64.3 54.6

Bare Soil 75 6.4 7.1 6.0 15.6 132

Water Body 0.3 0.3 0.1 0.1 0.1 0.1

Total 117.8 100 117.8 100 117.8 100

Land Use Land Cower Trend

Figure 2 showed the trend in the changes in the land use land cover of Ado-Ekiti metropolis between 1987 and 2019. It
showed the rate at which each land coverchanges overthe years and the changes in the land cover foreach year considered
(Figure 3-5). Area covered by built up area increased from 1984 through 1998 to 2019. The changes in the land use is related
to the discovery of Agboola (2019) that both in population size and spatial coverage, Ado-Ekiti has experienced continuous
and unprecedented growth. And this can be attributed to factors such as rural-urban migration, residential development,
economic growth and pattern of transportation routes.
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Figure 2. Land Cower trend between 1987 and 2019
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Image Accuracy Assessment

The accuracy assessment gives user’s accuracy (Ua), producer’s accuracy (Pa), Kappa statistics (k) and overall
accuracy for the years considered for the land use land cover trend analysis. Table 4 indicates classification accuracy
for user’s accuracy (Ua), and that producer’s accuracy (Pa) was greater than 50%. The kappa statistics that show the
level of accuracy for 1987, 1998 and 2019 were 0.87, 0.79 and 0.85 respectively. The overall accuracy for 1987, 1998
and 2019 were 78.1%, 88.75% and 91.3% respectively.

Table 4:1987,1998 and 2019 Error matrix

LULC 1987 1998 2019
Pa Ua Pa, Ua Pa, Ua
Green spaces 85, 77.3 818, 85 90.9, 100
Built-up 75, 88.2 100, 85 83.3, 100
Bare Surface 68.2, 75 88.9, 80 933, 70
Water body 85, 739 87, 100 100, 95
Kappa statistics 0.87 0.79 0.85
Overall accuracy 78.1% 88.75% 91.3%

Factors Influencing Urban Green Space Dynamics

Table 6 shows the logit regression determine the most significant factor affecting urban green space dynamics.
Population Growth had the highest (103760.20) odds-ratio. This was followed by agriculture (15.53), while Poverty,
Lack of law enforcement and Demand for Timber had 0.00 odds-ratio. The model indicated that, Population growth
contributed significantly to change in the UGS in the study area. This was followed by quest for agricultural for food
production. However, the contributions of other factors were not significant to the saptio-temporal variation of UGS

in Ado-Ekiti. The model is represented with equation (1).

FAUGS =-26.78+11.50(PG) - 20.20(Poverty) — 15.04(LLE) - 12.59(DT) + 2.74(AD)............ (equation 1)
n =112, Final loss=1.90
Odds ratio (unit change): Constant (-26.7658); PG (103760.2); POVERTY (0.00); LLE (0.00); DT (0.00); AD
(15.53).
Where FAUGS = Factors Affecting UGS
LLE = Lack of Law enforcement
PG = Population Growth;
DT = Demand for Timber;
AD: = Agricultural Demand

UGS: Urban Green Space
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Table 5. Increase in Population

Frequency Percentage (%)

Increase in Population

Yes 95 84.8

No 17 15.2

Total 112 100.0
Change in LULC

Yes 98 87.5

No 14 125

Total 112 100.0

Table 6. Logistic binary nature of perceived factors that influenced urban green space dynamics

Dependent Variable (LULC): Perceived factors that influence UGS (Presence = 1; Absence =0

Independent Variables Coefficient Odds-ratio
Whether the presence of PG influence the change in UGS 11.50 103760.20*
Whether the presence of Poverty influence the change in UGS -20.20 0.00
Whether the presence of LLE influence the change in UGS -15.04 0.00
Whether the presence of DT influence the change in UGS -12.59 0.00
Whether the presence of AD influence the change in UGS 2.74 15.53*

Model 32 (df = 6) = 2.68

* = significant ns = Not significant

PG: Population Growth; LLE: Lack of Law enforcement; DT: Demand for Timber; AD: Agricultural Demand;

UGS: Urban Green Space y2 = Chi-sgaure

Based on the model fitted to discover the most significant factors affecting the change in urban green space, out ofthe

factors: poverty, population growth, lack of law enforcement and demand for timber and agriculture, increase in

population due to rural-to-urban migration and increase in birth rate was the factor with highest level of significance

followed by agricultural demand for food security. This implies that increase in a unit level of significance of these

factors will have effect on the land use land cover of the study area.

CONCLUSION

There were variation in urban green space in Ado-Ekiti between 1984 and 2019 with a significant decrease over the

years. However, the built up area and bareland have taken over the loss by urban green space. Two factors that
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contributed significantly to the spatio-temporal variation in urban green space in the study area were population as a

result of urban sprawl, and agricultural demand for food security.
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Abstract

This study was carried out to investigate the effects of plantand animal based fertilizer on the growth and yield of two
different varieties of Okra. The experiment was designed using the Completely Randomized Design (CRD). The study
was carried out using different treatments such as; Chromolaena odora, Tithonia diversifolia, cow dung and poultry
manure. Ninety (90) Polythene pots were filled with top soil and they were replicated thrice. Thirty (30) pots on each
of the three replicates and each treatment were replicated three times. The Abelmoschus esculentus seeds were sown
directly into the polythene pots and the germination ofseed was first noticed seven days after planting. The parameters
were assessed for growth were number of leaves, fruit length, leaf area, average fruit weight, plant height, stem
diameter, number of fruits and fruit yields. Data obtained from parameters assessed were subjected to Analysis of
Variance (ANOVA). The result obtained revealed that poultry manure had the best performance in all parameters
assessed. This indicated that poultry manure had impact in development of Abelmoschus esculentus. Data obtained
from parameters assessed were subjected to Analysis of Variance (ANOVA). Poultry manure performed best in all
parameters assessed while the control had the least performance. It can therefore be concluded based on the result
obtained from this experiment that poultry manure had the best influence on the growth and yield of Abelmoschus
esculentus.

Keyword: Manure, okra, yield, growth and fertilizer.

INTRODUCTION

Okra (Abelmoschus esculentus L.) is one of the most important vegetable grown in Nigeria. It is an annual crop grown
mainly as fruit and leafy vegetable in both green and dried state in the tropic (Wiesmeier et al., 2015 and Gibbon,
1983). The crop is used as soup thickener which may also serve with rice and other food types; the fruit is a good
source of vitamin, mineral and plant protein. Okra contains about 20% edible oil and protein, which its mucilage is
utilized for medicinal purposes (Eke et al., 2008). Also, Okra is one of the most important warmseason fruit vegetable
grown throughout the tropical countries. It is also recognized as one of the world oldest cultivated crops. It shows a
wide adaptability and is cultivated in various regions of the country either as a home garden crop or on a commercial
scale. The main stem contains crude fiber which is used in paper industries and for making rope. Okra flower can be
very attractive and sometimes used in decorating rooms (Schippers, 2000). Okra plays an important role in vegetable
market during summer season when the supply of vegetable is acute (Schippers, 2000). But unfortunately, the
production of this population vegetable is very low according to demand. So, the production of this vegetable should
be increased to meet the increasing demand.

In Nigeria, Okra is widely grown, distributed and consumed either fresh or dried form (Fatokun and Cheddar, 1983).Its
fruits are used as vegetable; boiled, sliced and dried. It is mainly grown by many farmers because of its tender texture
which is highly mucilaginous and useful in soup thickening. The seed can be very used as a source of edible oil as
well as in the soup industry (Oyolu, 2017). It is cultivated in irrigated area on a wide range of soil. It is much
appreciated because it continues fruiting even during the dry season when only few other vegetables can be found.
The plants also remain green during period of drought, thus allowing people to eat its young leaf needed, but
production is seriously affected by the use of different varieties and inappropriate manure doses. Organic manure, if
properly used, is essential for the growth and yield of Okra (Wiesmeier et al., 2015). Vegetable cultivated in one of
the greater enterprises in horticulture which is becoming more popular due to the greater appreciation of their food
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value (Gardner, 2004), vitamins and minerals (Adeboye, 1996). Vegetable contribute an important part of the diet to
many people, in the tropics more essential the most commonly grown vegetable throughout Nigeria. It is cultivated
for its fresh fruit in both tropical and sub-tropical countries (Philips, 1997). The stemyield is useful as fiber and the
leaves are considered good cattle feed and are consumed sometimes. The seeds however can be roasted and are used
as substitute for coffee. The essential amino acid which okra contains is comparable to that of Soybean (Farinde and
Owolarafe, 2007).

In addition, Okra requires a lot of nutrient to perform well; therefore prior to sowing, it is recommended that organic
material reduce the introduction of acid and chemical to the soil. Organic manure improves soil fertility by activating
soil microbial biomass (Ayuso, et al., 1996). Application of manure sustains cropping system through better nutrient
cycling (EI-Shakweer, et al., 1996). Manure provides a source of all necessary macro and micro nutrient in available
forms, thereby improving the physical properties of the soil (Abou-EI-Magd, 2006). The organic matter of the soil
which can be replenished and maintained by the application of animal manure has been considered as the life of soil
as well as store house of plants nutrients especially nitrogen, phosphorus, potassium and macro nutrients as well
prevent leaching of nutrient. Poultry manure and cow dung manure are very good source of organic matter and play a
vital role in soil fertility improvement as well as supplying primary, secondary and macro nutrient for crop production.
Although, the organic manure contains nutrient in small quantity as compared to the organic or chemical fertility, its
application promotes constituents like enzymes and hormones and them useful for improvement of soil fertility and
productivity based on the important of Abelmoschus esculentus being used formany purpose, and it is socio economic
importance of the life of the people together with its various importance forexample as source of food in many part
of Africa including okraseed as non-caffeinated substitute for coffee. It serves as source of iron and calcium, allthese
importance necessitated the need to determine the best medium of raising species. The best treatment requires growing
Abelmoschus esculentus seedling so as to have healthy stock for field establishment, to meet its population demand
and also to serve as a basic necessity for improving the farmers’ economy. This study is, therefore, conducted to
determine the effect of both plant and animal based fertilizer on the growth and yield of Okro.

METHODOLOGY

Location of the Experiment

The experiment was conducted at the National Horticultural Research Institute (NIHORT) Ibadan, Oyo State. The
location lies on 70231 N, 20501E and 158m above sea level. The area has a humid tropical climate characterized an
annual rain. The area experienced two distinct season which are dry season usually from November to March and
rainy season from April — October. The Materials used for the experiment are seeds of okra (Abelmoschus esculents),
polythene pot (medium size),hoe, loamy sand, poultry manure, cowdung, Tithonia diverrsifolia (Mexican sun flower),
Chromolaena odorata (siamweed), watering can, transparent measuring ruler (30cm), venier caliper and tape rule.

Method

Ninety (90) polythene pots were filed with soil, in which three (3) replicate were made. Thirty (30) pots on the first
replicate, thirty (30) pots on the second replicate, and thirty (30) pots on the third replicate .The Abelmoschus
esculentus were sown directly into the pot and the germination of seed was first noticed seven days after planting.
Watering of Abelmoschus esculentus was carried out twice a day, morning and evening, while weeding is done anytime
weed are noticed in each perforated polythene pots before fillings with soil so as to prevent the plant from being water -
logged. The parameters that were assessed at the end of the germinations were the number of leaves; leaf length; plant
height; stemdiameter ; number of fruits; fruit length; fruit weight (kg) and fruit yield/plant (kg).

Data Analysis

The data collected were subjected to Analysis of Variance (ANOVA) to determine the differences. Duncan Multiple
Range Test (DMRT) was used to separate the mean.

RESULTS AND DISCUSSIONS

The result in Table 1below revealed that there was significant difference in the treatment for plant height of okra plant.
At 8 weeks, Poultry on NHAe47-4 had the highest plant height with a mean of 34.75cm.It is in accordance with Jaja
and Odomena (2004) who stated that poultry manure perform best in vegetable crop production and the least by 47-
4NHAe with no manure while poultry on NHAE47-4(10) had the highest and the least by Tithonia diversifolia on
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LD88 (8). It supported by Aliyu (2000) who reported that poultry manure brought about improvement in soil chemical
property as well as physical property of the soil as shown in table 1 below.

TABLE 1: Effect of plant and animal based fertilizer on the growth and yield of okra on plant height and
number of leaves

Plant Height(Cm) Number Of Leawes
TREATMENT AWAS BWAS BWAS AWAS BWAS BWAS
Chromolaena odorata on LD88 15.10de 18.82cde 24.67cd 4.51ab 6.22a 8.89de
Tithonia diversifolia on LD88 16.15de 19.68cd 30.33b 3.78cde 5.22¢c 8.76e
Poultry on LD-88 15.23de 19.59cd 24.74cd 3.70cde 6.22a 9.43bcde
Cowdung on LD-88 20.01b 24.99b 29.44b 4.96a 6.20a 9.87abcd
LD-88 with no manure 13.87e 16.14e 23.92d 3.62cde 5.33bc 9.70abcde
Chromolaena odorata NHAe474 17.03cd 20.80c 27.61bc 3.89cd 5.22¢c 10.11abc
Tithoniadiversifolia NHAe474 17.27a 20.68cd 23.22d 3.56de 4.78c 8.81e
Poultry on NHAe47-4 27.35a 29.73cd 34.75a 4.56ab 6.05ab 10.56a
Cow dung on NHAe47-4 19.18bc 21.37cd 23.50a 4.22bc 6.15ab 10.25ab
47-4 NHAe474 with no manure 13.61e 18.43de 23.32d 3.25e 5.53abc 9.13cde

Same alphabetsalong the column are not significantly different.
WAS - Indicates Weeks After Sowing

Table 2 below shows that there was significant difference in the treatments used in monitoring the growth of Okra
plant. For stem diameter (cm), poultry on LD88 (2.29cm) had the highest stemand the least by LD88 with no
manure (1.82cm) had the least stem diameter at 8 weeks after sowing while the result of leaf area (cm?), Tithonia
diversifolia on LD88 had the highest (587.98cm?) and the least by cow dung on LD88 (218.23cm?) at 8 weeks. This
result of this study is similar to work of Wiesmeier et al., (2015) who reported that green manure application to the
soil significantly increase nutrients in the soil as shown in table 2 below.

Table 2: Effect of plant and animal based fertilizer on growth and yield of Okra on stem diameter (cm) and
leave area (cm?) of okra

Stem diameter(cm) Leaf area (cm?)
TREATMENT 4WAS 6WAS 8WAS 4WAS 6WAS 8WAS
Chromolaena odorata on LD-88 1.35cd 1.66cd 2.11ab 153.67de 248.33d 363.38d
Tithoniadiversifolia on LD-88 1.62cd 1.79bc 2.26a 353.00a 484.08a 587.98a
Poultry on LD-88 1.43cd 1.83bc 2.29a 148.00de 370.06¢c 426.73c
Cowdung on LD-88 1.46bc 1.65cd 2.10a 126.00ef 173.57g 218.23f
LD-88 with no manure 1.13e 1.40e 1.82d 334.33a 425.72b 443.18c
Chromolaena odozxrata NHAe47-4 1.76a 2.12a 2.24a 238.00b 441.61b 476.18b
Tithonia. Diversifolia on NHAe47-4 1.32cd 1.64cd 2.02bc 178.67cd 215.67ef 265.87e
Poultry on NHAe47-4 1.71a 1.95ab 2.11ab 164.33cd 223.44efd 245.46ef
Cow dungon NHAe47-4 1.27de 1.50de 1.86cd 193.00c 205.53f 256.50e
NHAe47-4 with no manure 1.72a 1.89b 2.12ab 113.45f 234.67ed 273.02e

NOTE: Same alphabetsalong the column are not significantly different from one another.
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Table 3 below discussed as regards average fruit, Chromolaena odorata on NHAe47-4 had the highest (10.86) and
the leastby NHAe47-4 with no manure (8.13). On number of fruits, chromolaena odorata on LD88 had the highest
and the least by NHAe 47-4 with no manure (10.33). As regard fruit yield per plant (kg), Chromolaena odorata on
LD88 had the highest fruit yield and the least by NHAe47-4 with no manure (84.09). This is in line with Ojeniyi,
(2007) who stated that Tithonia diversifolia and Chromolaena odurata improves soil nutrient for crop productivity
as shown in table 3 below.

Table 3: Effect of plant and animal based fertilizer on fruit yield and yield components.

TREATMENT Fruit Awerage fruit Number of fruit  Fruit yield/

length Weight plant (kg)
Chromolaena odorata on LD-88 5.53c 10.32ab 16.00a 164.97a
Tithonia.diversifolia on LD-88 5.43c 9.57bc 13.67b 130.75cd
Poultry on LD-88 6.53b 10.56a 12.33bcd 130.87d
Cowdung on LD-88 6.47b 8.31de 11.33cde 93.94fg
LD-88 with no manure 6.67b 8.41de 11.33cde 95.22¢fg
Chromolaen odorata on NHAe47-4 7.53a 10.86a 14.00b 151.71ab
Tithonia diversifolia on NHAe47-4 6.60b 10.43a 13.00bc 135.33bc
Poultry on NHAe47-4 7.47 10.10ab 11.00de 111.06ef
Cow dungon NHAe47-4 747 8.96¢d 12.67bcd 113.21de
NHAe47-4 with no manure 7.63a 8.13 10.33e 84.099

CONCLUSION

Due to the fact that Abelmoschusesculentus is highly nutritious vegetable crop which is widely consumed, efforts had
been made on how to improve the production of Okra crops. It is however, necessary to determine the best manure in
improving the production of Okra crops. From data assessed which included plant height, number of leaves, stem
diameter, leaf area, fruit length, average fruit weight and number of fruit shown that okra (Abelmoschus esculentus)
responded well to the application of animal manure. Hence, the best growth performance exhibited by okra with
animal and plant manure was statistically different. This could be used to minimize the cost of production; the use of
poultry manure will improve soil organic matter and nutrient availability and the high yield because it contains 0.8%
potassium, 0.48% phosphorous, and 1.49% nitrogen.

The following recommendations are made fromthe result obtained fromthis research. Poultry manure should therefore
be used in the cultivation of Okra because of its economic importance and nutritional values to human. Furtherresearch
should be attempted to optimize and derived advantages on different animal manure to be used as agricultural manure.
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Abstract

The study was conducted to provide information on stakeholders’ participation in the management of Odoba forest
reserve due to paucity of information that could be used for decision making on its management. Semi -structured
questionnaire was used to obtain data from 376 stakeholders sampled using the Taro-Yamane formula. Descriptive
statistics and Participatory Index was used to analyze field data. The results ofthe study showed that the stakeholders
participated more in the monitoring processwith PI1=0.64. The planning, implementation and benefit sharing process
of the reserve all had low stakeholders participation of P 0.40, 0.34and 0.20 respectively. The study concluded that
the participation of the adjoining villages in the management of the forest reserve was generally Low across all four
villages studied. Involving local people in the management of the reserve should be promoted by developing
participatory management plan, such measures can improve rural livelihood and conserve forest resources and

biodiversity.

Keywords: Stakeholders, participation, management, Odoba, forest reserve

INTRODUCTION

Globally, the forestry sector has been experiencing a paradigm shift from conventional-led forestry approach to
Participatory Forest Management (PFM), in response to demands for greater equity in the allocation offorest resources
and the failure of conventional-led forestry approaches to achieve objectives ofsustainable development (Geoghegan,
2002). Participatory forest management is based on the hypothesis that if local people whose daily lives are affected
by forest management activities are involved in decision-making, efforts can be made to maintain the integrity of the
ecosystems and improve livelihood of the local people (Ferraro, 2000; Lise, 2000; Sekher, 2001; Sreedharan, 2002
cited by Glover, 2005). This approach enables marginal members of local community to voice preferences, make
decisions and engage in local politics by which resources are allocated and distributed (Agrawal et al., 2006).

The PFM approach envisages improved forest resources management through people’s participation, and this has
advocated a major shift from the earlier timber-oriented, state-controlled management system (Westoby, 1987,
Gilmour and Fisher, 1991, FAO, 2001; ADB/EC/FAO, 2003 cited by Glover 2005). Dalton (2008) defined
participation as the ability of people to share, influence, control, design, partake in decision-making and authority in

development projects and programs that affect their lives and resources. The integration of people’s preferences and
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expectations in the decision making process is an important aspect of sustainable natural resources management (De
Meo et al., 2015), thus increasing the social acceptance of the decisions and reducing conflict among users (Beierle
1998, Kangas et al., 2006). According to FAO (2015), participation of rural communities in forest resources
management is necessary to ensure the sustainable maintenance of the resources. Indigenous people and their
communities have a vital role in environmental management and development because of their traditional knowledge
and practices (UNCED, 1992). The involvement of rural residents who are closer to the natural resources enclaves is
important as Forestry Departments, have limited financial and human resources to ensure sustainable use of several
hectares of land under their sole jurisdiction (Enuameh-Agbolosoo et al., 2015). Osumba (2011) adds that community
participation could enhance sustainable use of forest resources, support the establishment of community forestry
associations and protect the traditional interests of local communities customarily resident in and around forests. Forest
management initiatives in Nigeria vary from one State to another (Ogar, 2001). Community based forest management
practices exist in Benue State (Dagba et al., 2017). however, study on participation of people in the management of
Odoba forest reserve has not been investigated. This study therefore assessed the involvement of adjourning villages

in the management of Odoba forest reserve in Benue State for decision making and policy implementation.

METHODOLOGY
Study Area

The study area was conducted at Odoba Forest Reserve in Otukpadistrict of Ogbadibo Local Government Area (LGA)
of Benue State. It is located between latitude 7° 08" 34" - 7° 1045 N and longitude 7° 49’ 16" -7° 51'29"'E. Bennett
(1979) reported that the reserve has an area of 2.77 km? and was established for pole production with Teak (Tectona
grandis) as the dominant tree species. Other species planted were Gmelina arborea, Eucalyptus deglupta, E. torreliana
and E.citriodora. The forest reserve is adjoined by fourcommunities; Ogonukwu, Epaiegbo, Eloga, and Odoba (Figure
1). According to Ofomata (1978), the land uses of Ogbadibo were Agriculture (farm land, 70%), commercial (markets,
10%), and institutions (Schools and religious buildings, 20%). The vegetation is made up of broad leafed species and
herbaceous graminoids. The reserve is overseen by a Divisional Forest officer (DFO) who reports to the Director of

Forestry in the State Ministry of Water Resources and Environment. The DFO is assisted in the reserve by field workers.
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Population, Sampling Procedure and Sampling Size

The 2006 population figures of the adjoining communities were projected to 2016 (year study was conducted) using
2.8% growth rate as expressed by George et al., 2004).

R =P+ r)
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Where:

Pt = Population Projection figure for 2016 for any community
Po = BxXisting population as at 2006

1 = Constant

r = Population Growth Rate (2.8%)

t = Number of years population was projected (10 Years)

Taro-Yamene (1967) formula was then used for determination of the projected population sample size as shown in
(Table 1). Taro-Yamene formula is expressed as:
N

nN—=———

1+ N(e)?
Where:
n = Projected population sample size
N = Total size of projected population
1 = Constant
e = Error degree of tolerance 0.05
The sample size of each community was determined using the formula:

n < Nh

nh=—

Where

nh = Community sample size

n = Projected population sample size

Nh = Community Population (Projected)
N = Total size of projected population

The communities were purposely selected due to their proximity to the forest reserve. Systematic random technique
was used to select households in each of the communities. The first household in each community was identified and
selected for interview and thereafter every fourth household was selected. Two matured persons in each household
were purposively selected for interview as they could provide useful information for the study. This procedure was
maintained until the sample size for the community was obtained. Therefore, 376 Stakeholders were sampled for the
study.

Table 1 Determination of Sample Size for the Study

2006 2016 Projected Community
Population
S/No Communities Figures Figures Sample Size
1 Odoba 1734 2285 136
2 Ogonukwu 954 1257 75
3 Epaeigho 1409 1857 111
4 Eloga 689 908 54
Total - 4786 6307 376

Source: National Population Commission, 2006 projected to 2016 using 2.8 % growth rate.
Sample size (n) = 376

Pre-tested semi-structured questionnaire was used to obtain primary data from the stakeholders. Data collected
included socio-economic characteristics of stakeholders in the study area, and responses on level of participation in
the management of resources in the forest reserve. Direct administration of the questionnaire at the stakeholders’
homes was done with the support of research assistants.
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Data Analysis

Descriptive statistics was used to analyze the socio-economic characteristics of the people as reported in (Ancha et
al., 2019). The participation index (PI) was used to measure stakeholders involvement in forest resources management
stages based on a five-point scale (always= 1.0, often= 0.8, occasionally=0.6, rarely= 0.4 and never= 0.2).The
participation index for the various stages in forest management was obtained by using the method adopted by
(Allahasan, 2010):

bl - [(fa*1) + (fo*0.8) + (fc*0.6) + (fr*0.4) + (fn*0.2)]

N
Where, PI = Participatory index for forest management stage
fa = frequency of respondent always participating in a particular management stage,
fo = frequency of respondent often participating in a particular management stage,
fc = frequency of respondent occasionally participating in a particular management stage,
fr = frequency of respondent rarely participating in a particular management stage,
fn = frequency of respondent never participating in a particular management stage,
N = Total number of stakeholders for each stakeholder category.
The value of PI can be interpreted on a scale of 0 — 1, where zero means primary stakeholder has no chance of
participating and 1 means always participating. Increase in values from 0 — 1 implies increase in participation level of
the stakeholder group with respect to the specific forest resources management stage.

RESULTS

The participatory indexof stakeholders’ participation in the management of Odoba forest reserve is presented in Table
2. The stakeholders participated more in the monitoring process with PI=0.64. The planning, implementation and
benefit sharing process all had low stakeholders participation of PI 0.40, 0.34and 0.20 respectively.

Table 2: Participatory Index of Stakeholders inthe Management Odoba Forest Reserve

Management Stage Participation Index (PI)
Planning 0.40
Implementation 0.34
Monitoring 0.64
Benefit sharing 0.20

Roles in Played Stakeholders in the Planning Process

Table 3 indicates that 4.1% of stakeholders’ role in the planning process in the management of forest resources in the
forest reserve was listening. 13.5% of stakeholders provided information, 5.6% of stakeholders disseminated
information. While 3.0%, 63.8% of stakeholders provided suggestions and did nothing respectively as their roles in
the planning process of the forest resources management in the study area.

Table 3: Stakeholders Roles in Planning Process of Odoba Forest Reserve, Benue State

Role in planning process (®] (%)
Dissemination of information 17 5.6
Listening 43 14.1
Providing information 41 135
Providing suggestion 9 3.0
None 194 63.8
Total 304 100

Roles Played by Stakeholders in the Implementation Process

Table 4 shows various roles of stakeholders in implementation of forest resources decision and activities. The result
show that 15.1% of stakeholders were involved in tree planting, 10.9%respondent’s s role was reporting illegal
activities. Other roles by stakeholders are boundary clearing/tree planting 4.35% of stakeholders, 5.3% of
stakeholders, refraining from illegal activities and 64.5% of stakeholders did nothing.

216



Table 4. Stakeholders Roles in Implementation Process at Odoba Forest Reserve, Benue State

Role (P (%)
Boundary clearing 13 43
Reporting illegal activities 33 10.9
Refraining from illegal activities 16 53
None 196 64.5
Total 304 100

Roles in Played Stakeholders in the Monitoring Process

The result in table 5 indicates roles performed by stakeholders in forest monitoring process. The result showed that
3.6% stakeholders took part in enforcement of local laws monitoring aspect ofthe management of the forest resources
of the reserve in the study area. Other roles performed by stakeholders in the study area are; implementing forest
projects which covers about 29.6% of stakeholders, those that took part in decision making are 12.5% of stakeholders,
and those that took part in reinforcement and surveillance team were 24.3% stakeholders

Table 5: Stakeholders Roles in monitoring and ewvaluation Process of Odoba Forest Reserwve, Benue State

Role (3] (%)
Take part in decision making 38 125
Enforcement of local laws 102 33.6
Implementing forest projects 90 29.6
Part of reinforcement and surveillance team 74 24.3
Total 304 100
DISCUSSION

The results on participation indexshow that participation is generally low across all four key areas of participation in
the studied. However, participation in benefit sharing had the least (PI= 0.2).This implies that the attendance of
majority of stakeholders™ in forest resources management activities remain low, particularly in sharing of benefit
accrued from forests. These results contradicts study done by Patwary (undated, cited by Quazi et al.,2008) in
Bangladesh who reported that local people were mostly involved in sharing of benefits derived from the forest in co-
management with wildlife sanctuary, and considerably less involved in planning and evaluation processes. The
participation index is high in monitoring, planning and implementation compared to benefit sharing because the
collaborative system approach is gradually engendering forest dependent community’s participation in those areas as
compared to benefit - sharing. According to studies carried out by Amanor (2004), Marfo (2001) and Wily (2001),
participation in forest resources management and decisions (especially in benefit-sharing) revolves around the chiefs
and elites who still remain most powerful actors in the forest sector, and are not fully accountable to their community
members. These findings also corroborated with recent literature on naturalresources decentralization and devolution,
which argues that local elites at the community level do capture benefits intended for poorer groups (Platteau and
Gaspart, 2003; Shackleton et al ., 2002; Kumar 2002 cited by Behera and Engel, 2005). Another possible explanation
for the low involvement of stakeholders in forest management may be due to the poor partnership that exists between
the forestry agencies and local communities. Under the collaborative systemapproach, Kotey et al. (1998) and Marfo
(2007) have reported that the relationship between the Forest Services Division (FSD)and local people has historically
been one of mistrust and plagued with conflicts, and this has affected local people’s involvement in forest resources
management.

This result is consistent with many studies including Kotey et al. (1998); Amanor (1999); Ganz et al. (2003) Borrini
- Feryerabend et al. (2004) and Eshun (2008) they all reported that forest resources management is hitherto
characterized by extensive state forest agencies involvement with little recognition of the potential of forest -
dependent communities for achieving positive long - term sustainable forest management. The implications are that
resource managers continue to view forest - dependent communities as a threat to the reserve and inimical to its
sustainability. This has reflected in the pre-determined ways and roles designated for stakeholders management ofthe
reserve. The results therefore re-enforced the need to re-examine policies relating to stakeholders participation in
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forest resources management. Majorroles of stakeholders in planning process of the forest reserve management were;
dissemination of information, listening, providing information and providing suggestions. The major roles of
stakeholders in implementation stage were tree planting /establishment of fire breaks. Other roles were boundary
cleaning, reporting illegal activities and refraining from illegal activities. The major roles of the stakeholders in
monitoring process were enforcement of local laws, implementing forest projects and part of reinforcement and
surveillance team. On benefit sharing of the forest resources management of the forest reserve, the result shows that
less than one quarter of all the stakeholders were involved in benefit sharing. This corroborates with Behera and Engel
(2005), theirstudy suggests modified taungya systemin the reserve to engage households in forest regeneration efforts
as well as the sharing of benefits from such efforts. The major roles of stakeholders were tree planting and reporting
illegal activities. This corroborates work done by Wily (2002) and Amanor (2003) who reported that under the
collaborative system approach, state forestry agencies have involved local people in management functions such as
boundary cleaning, tree planting and establishment of firebreaks among others. The mechanism for promotion of forest
- dependent communities’ involvement has been the establishment of Community Forest Committees (CFCs) in
communities around the edge of forest reserves Amanor, (2003).

CONCLUSION

The participation of the adjoining villages in the management of the forest reserve is generally Low across all four
key areas of participation studied, participation index in benefit sharing had the least P1=0.02. The forest adjoining
villages should be carried along in the management of the reserve (i.e. participatory forest management). Involving
local people in participation in management of the reserve should be promoted by developing participatory
management plan, such measures can improve rural livelihood and conserve forest resources and biodiversity.
Summarily, to enhance optimum cooperation from local people and achieve sustainable conservation and utilization
of the forest resources, greater stakeholder participation is recommended in the design of any management plan.
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Abstract

Ever since Oluwa forest reserve was created, some people make the reserve theirabode and also depending solely on
resources fromthe forest reserve and also they cultivate and also earn their living through the forest resources. There
is need for the creation of amap of a map, identification and assessment of how these communities had been with the
evaluation of the basic amenities present and also to create a map of the forest reserve with respect to the various
communities identified. A geo-referenced map of Oluwa forest reserve showing all the settlements located within the
reserve was prepared using the Geographic Information System (GIS) technique. A list of communities was obtained
from the forestry officials and also with aid of Google earth imagery, locations of the communities were obtained for
easy access. The coordinates were saved in text (tab delimited) file format in Microsoft Excel spread sheet, this was
loaded into QGIS 2.18.3 for further analysis using the Coordinate Reference System of WGS84 for the final map
production showing all the identified communities with the roads linking them up. A semi-structured questionnaire
was administered to key individuals (mostly community heads or experienced individuals who knows the history of
the communities identified) in each community stating and assessing all the community needs as well as to know the
relationship between the communities and the forestry officials to produce the attribute data for the data to each
community identified. A total of 49 settlements were identified within the forest reserve, the geographic coordinate of
the communitieswere taken atvarious strategic places in each community using the Global Positioning System (GPS).
In getting the appropriate quantitative data for analysis, the questionnaire was coded showing the various responses.
The data were subjected to descriptive statistical analysis using Statistical Package for Social Scientists (SPSS)
software. It was shown that 46.86% of the communities have a relationship that is not too cordial with the forest
officials, 30.61% have cordial relationship with the forest officials, 14.29% have no relationship the forest officials
and 12.24% have a very cordial relationship with the forest officials The results also showed the various demographic
characteristics and others attributes of the communities represented and the map ofthe forest reserve showing all the

communities identified and the roads linking them.

Keyword: Geographical Information System, forest reserve, mapping, assessment, attribute data

INTRODUCTION

Every year the global forest records serious damage which varies in location. As a result of the various importance
the forest has for man and the environment, this has increased the pressure on the global forest. The need for
assessment is important so that the various forces contending for various the resources fromthe forest would be known.
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The contribution of forest resources to the livelihood strategies of the rural poor had long been appreciated and seen
as significant for a very long time Salafsky and Wollenberg, (2000). According to Belcher (2003), prior to the
establishment of forest reserves, the various communities believe the land belong to the communities due to the fact
that they have occupied the land for a long period of time and this has really caused so many problems as the famers
who are occupants of the land have established on the land perennial crops, like cocoa, kolanuts and some go as far
as having their buildings on the forest reserves, and these people spread themselves into every part of the reserves as
they grow into large communities.

According to Anon, 1955, the communities that have established themselves in the forest reserves have some specific
rights in relation to their livelihood. These include:

i. The rights to collect edible fruits, thatching leaves and other NTFPs
ii. Right to hunt and fish
iii. Right to tap rubber under permit, and
iv. Right of way along certain specified paths

According to Aruwajoye and Ajibefun (2013), some people make the reserve their abode and also depending s olely
on resources fromthe forest reserve and also they cultivate and also earn their living through the forest resources. The
need to create an up-to-date map of the forest reserve showing the various communities present, apart fromthe satellite
imagery of the area which when to be acquired is sometimes expensive to procure is part of the reasons for this study.
There is need for the identification and assessment of how these communities had been with the evaluation of the
basic amenities present and also to create a map of the forest reserve showing the various communities present.

Geographic information system (GIS) has been seen as a tool in forestry that is important in the evaluation and the
proper assessment of the various available forest resources. Geographical Information Systems (GIS) is an information
technology that has been used in public policy-making for environmental and forest planning and decision-making
over a long time. For effective forest management system, it is important to obtain relevant information about the
forest communities dwelling in the forest reserve. Such information will include their location, population, and some
other attributes, these information will be obtain through the use of Geographic Information System. The general
objective is to produce an up-to-date map showing the various settlements located in Oluwa forest reserve, Ondo State,
Nigeria.

The specific objectives are to:

i. determine the number and the location of some human settlements within Oluwa forest reserve as well as to get
some major attribute data for each settlement and lastly to show the status of relationship between forestry officials
and the identified communities.

METHODOLOGY

Study Area

This research was carried out in Oluwa forest reserve in Odigbo local government and Ondo West Local government
areas of Ondo State, Nigeria. The reserve covers and occupies an area of about 827km?, consisting both natural forest
and plantation establishment of different species. It is part of Omo-Shasha-Oluwa forest reserves Ikemeh, R. (2013).
The study area is Oluwa Forest Reserve in the South-western part of Nigeria. Oluwa forests in Oluwa forest reserve
is between (latitudes 6°40'0"N and 7°00'0"N and longitudes 4°30'0"E and 4°50'0"E), it falls within the tropical
rainforest (Adekunle and Bakare, 2004) the area is part of the western plains and ranges of Nigeria with much of it
lying approximately between 300 and 600 metres above the sea level (Ogunjemite et al., 2006; lloeje, 1981). The
Benin-Lagos expressway cuts through the southern part of the forest, with Shasha forest reserve at the northern part
of the forest reserve. The soils of Oluwa are classified as Alfisols (SSS 2003). The soil parent materials were formed
from crystalline rocks of undifferentiated basement complex of pre-cambrian series. The soils are well-drained,
mature, red, stony and gravely in the upper parts of the sequence according to (Smyth et al., 1962; Onyekwelu et al.,
2006).
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Figure 1: Map of Oluwa Forest Reserwe, Located in Ondo State Nigeria

Data Collection

Sampling technique

100% enumeration was used and the various communities in the forest reserve were covered A set of questionnaire
was administered to each community and used to get the quantitative data containing the coordinates and other
responses fromeach of the settlement visited, the head of each settlements or someone with high knowledge about the
settlement was the focal respondent who answered the questions administered.

Data Analysis and Map Production

Data analysis was carried after the collection and gathering of the necessary data on the questionnaire. Afterthe coding
on the Microsoft Excel Spread Sheet, various descriptive statisticalanalyses such as Frequency Distribution, Pie Chart,
Percentages were carried out after using SPSS (Statistical Package for Social Sciences). Likert scale was used to show
the level of relationship between the forestry officials and the communities present the relationship is ranked very
cordial, cordial, not too cordial and no relationship and the result was presented in table and percentage level shown
in pie chart. The coordinates was saved in text (tab delimited) file format in Microsoft Excel spread sheet this was
loaded into QGIS 2.18.3 for further analysis using the Coordinate Reference System of WGS84 and the final map
production of the forest reserve showing the communities identified.

Digitizing

In map production, it is important that the map is digitized, the map must be converted froma spatial data on the map
to a digital format. In digitizing tracing out of the various features are required and this would be done on the base
map. Oluwa topographic map showing the boundary of Oluwa forest reserve was acquired, digitized and the boundary
was traced out, the other features were clearly digitized and aligned were necessary.
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Image Processingand Map Representation

The download of satellite imagery of Oluwa forest reserve was done using an a software called universal map
downloader, the imagery used for this research was downloaded from Google Earth, the coordinates of the area was
imputed to the software, then to get a high resolution imagery, adjustment was made depending on the quality orhigh
resolution imagery we want. That image downloaded is geo-referenced automatically. Various points on the map were
adjusted and verified. In map representation, way points in the forest reserve tracked using the GPS (Global

Positioning System), and the other minor road areas were digitized and linked. The points and location of communities
and other features were overlaid on the map.

RESULTS

The communities are located in Odigho and Ondo West local government areas of the State. At the end of the research
in the forest reserve, a total of 49 communities were identified. The communities came to existence between the year
1910 and 2013, these shows that communities had been existing in the forest reserve even before the forest reserve
was gazette in the year 1953, and the resulting implication is that, most of the communities and dwellers have become
established and evacuation now has become a problem. All the efforts of the government to evacuate those that are
not in the free areas have been so difficult as a result of the returns the people in power wants from them.

Relationship with Forestry Staff
The table belowshows the relationship between the forest guards and the communities, the relationship is ranked very

cordial, cordial, not too cordial and no relationship. The various communities have been categorized under the various
ranks.
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Table 1: Attributes of the Communities Mapped

S/N COMMUNITY LGA LATITUDE(DD) LONGITUDE (DD) YEAR  FOUNDER
1 Aba Paanu (Oniparaga) Odigho 6.728690 4445710 NA Pa. Ogunbiyi
2 Abeku Camp Ondo West 6.893308 4707560 2013 NA
3 Adejori Camp Odigho 6.889600 4.636440 1910 Mr. Adesanlu
4 Ago Alaafia Okitipupa 6.725390 4.521000 1974 High Chief Omope Nathaniel
5 Ajebambo (Tokunbo) Ondo West 6.872410 4.750400 1999 Chief (Oloja) Festus Ayodeji
6 Ajebamibo Odigbo 6.752710 4.434870 1913 Mr. Ayodeji
7 Akinfosile Okitipupa 6.725310 4.617860 1937 Chief Ejelu, Manugba, Isema,Akide
8 Ayeferere Makinde Odigbo 6.757590 4.554280 1940 Pa Akadiri Epemakinde
9 Ayetimbo Odigho 6.829410 4.558600 1940 Mr. Alo
10 Ayetoro Odigho 6.724750 4.532640 1952 Chief Fapetu
1 Bakare Odigho 6.826490 4594510 1830 Mr. Sadiku
12 Bolorunduro Odigho 6.829290 4.552300 1940 Chief Babawode
13 Bolorunduro (Orita Ajebamibo) Odigbo 6.730660 4.438710 1930 NA
14 Danje Ondo West 6.942700 4.595400 1990 NA
15 Gbekelu Camp Ondo West 6.928241 4.652848 2000 NA
16 Ghbojulogun Camp Odigbo 6.844180 4.797230 2000 Chief (Baale) Oje Ayodele
17 Gmelina Camp Odigbo 6.778450 4.557180 NA FGN/ODSG
18 llugba Camp Ondo West 6.914181 4.647105 2009 Oba Adesanoye Festus
19 llu-Titun (Imorun) Odigbo 6.812340 4582000 1977 Mr. Babayemi Oladokun
20 llutoro Akinto Odigho 6.865760 4.819650 1988 Pa Jeremiah Akinto
21 Imorun Odigho 6.819950 4.584750 1530 Mr. Ogboloyo
22 Jagiodo Odigbo 6.781350 4.480250 1960 Gabriel Ikuesan
23 Kajola (Oja) Lagos Express Odigho 6.725690 4.508800 1930 Chief Gbose Fawehinmi
24 Keseomil Ondo West 6.940200 4.634300 2005 NA
25 Keseomi2 Ondo West 6.941600 4.620100 2009 NA
26 Labon Odigho 6.767750 4.437060 1912 Mr. Falekulo
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42

43
a4
45
46
47
48

49

Laoso Camp
Legee
Lisaghede
Masole
Miliki Camp

Modebiayo(Kabiyesi) Camp

Nirowi (Odigbo)
Nirowi (Ondo West)
Obadore

Ogunlepa
Olorunsogo
Oloruntedo
Omotosho

Onipako

Oniparaga
Onipetesi

Orimoogunje Camp
Orisumbare

Saare Camp
Sakoto 1

Sakoto 2

Tale

Temidire

Ondo West
Odigho
Odigho
Odigbo
Ondo West
Ondo West
Odigbho
Ondo West
Odigbho
Odigbho
Ondo West
Okitipupa
Okitipupa
Ondo West
Odigbo

Odigho

Ondo West
Odigbo
Odigbo
Odigho
Odigbho
Ondo West

Odigbho

6.965168
6.824550
6.848340
6.816900
6.939100
6.911885
6.852830
6.884941
6.812010
6.846300
6.892860
6.725050
6.725650
6.891480
6.723040

6.725180

6.932900
6.824150
6.854160
6.774360
6.783110
6.884680

6.769770

4.645790
4595820
4556760
4.582260
4.570000
4.690370
4.764540
4.717035
4.516820
4.621000
4788760
4.525010
4.648390
4.768210
4.453940

4548110

4.641403
4.592420
4.819710
4.496590
4.515140
4.760460

4.456220

1932
1912
1910
1950
2007
1997
2000
1998
1982
1920
1987
1918
1914
1994
1923

1905

1990
NA
1983
1943
1914
1989

1963

Chief Kuteyi and Chief Akinyilade
Pa Joshua Akinrinmola
Mr. Ogunnikasi

Pa Akinyemi Akintomide
Mr. Miliki

prince Adebisi

Chief Arugbo Aderotoye
Nirowi_Company

Mr Oguntusi

Pa Famakinwa

Mr. Jerome Akinkuowo
Mr Obasemo

Chief Omotosho

lya Onipako

Baale Gbose

Chief Taiwo Akinwande / Chief
Saba Ogunmakinwa

NA

Pa Joshua Akinrinmola
Mr. Yusuf Alarape

Pa Akinsanmi Akintomide
Mr Muhammed

Mr. Tale
Chief Ogundeji, Chief
Olayanju,Chief Adeyemi

NA = Not Available; FGN = Federal Government of Nigeria; ODSG = Ondo State Government
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Table 6: Relationship between Forest guards and the Communities

VERY CORDIAL CORDIAL NOT TOO CORDIAL NO RELATIONSHIP
Ajebambo(Tokunbo) Akinfosile Bolorunduro Bolorunduro (Orita
Ajebamibo)
Ayeferere Makinde Ayetimbo Gbojulogun Camp llutoro Akinto
Ayetoro Bakare Kajola (Oja) Lagos Express Labon
Gmelina Camp Jagiodo llu-Titun (Imorun) Orisumbare
Imorun Legee Masole Ajebamibo
Oniparaga NIROWI 1 Olorunsogo Saare Camp
Obadore Omotosho Abeku Camp
Ogunlepa sakoto2
Oloruntedo Tale
Onipako Laoso Camp
Onipetesi Orimoogunje Camp
Sakoto 1 Gbekelu Camp
Temidire llugba Camp
Ago Alaafia Modebiayo(Kabiyesi) Camp
Aba Paanu Lisaghede
(Oniparaga)
NIROWI 2
Keseomi 1
Keseomi 2
Danje
Miliki Camp

31%

Relationship between Forestry officials and Communities

M Very cordial

No relationship

Cordial

Not too cordial

Figure 3:Pie chart showing the percentage distribution of the relationship between forest guards

and communities within the Oluwa forest reserve.

GIS Map

Figure 4 shows the map of Oluwa forest reserve showing various features, the map shows the roads linking one
community to another, it is represented in red colour lines, and the various communities are linked with a road network.
The communities are also represented with points on the map, the various points, represents each location of the
communities and also with the names of the community. The major rivers in the forest reserve are also represented with
blue colour, these rivers are river Oluwa, river Oni, river Ominla. The major road along the forest reserve is the Lagos
Benin express way and it is represented on the map. Another representation on the Map is the pipeline way that passes
through the forest reserve. The boundary ofthe forest reserve is represented on the map, this shows the extent and size
of the forest reserve. Through this map, better knowledge about the forest reserve could be obtained, in the access to
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the communities, number of communities, location of the communities and other major components of the forest
reserve. This will help in major decision making on the forest reserve.
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Figure 5: Map of Oluwa Forest reserve showing the communities, Minor Road networks, Major Road
Network, and River networks.

DISCUSSION

Some of the communities in the forest reserve are illegal and most of these communities have existed long time ago
even before the creation and the gazette of the forest reserve, as times goes by there are new communities emerging in
the forest reserve. This implies that the management of the forest reserve in many years back have participated in the
management of the forest reserve. The female have a larger portion of the population, this shows that women are so
much important in the management of forest, this shows the importance of women in community based forest
management. The percentage of women forms a larger portion of the Nigerian population that is according to (Agbogidi
and Okonta, 2003), as much as women are important part of a nation, it is also good to know that they partake actively
in food production. They are involved in conservation, production and utilization of the values of the forest, such as
food, medicines, and also in trading some of the forest products.

Relationship with Forestry Staff

Result shows that 46.86% of the communities have a relationship that is not too cordial with the forest officials, 30.61%
have cordial relationship with the forest officials, 14.29% have no relationship the forest officials and 12.24% have a
very cordial relationship with the forest officials. From all indications, the forest officials have no good relationship
with the communities, the communities are always afraid of them, while some communities sort themselves out and
those who cannot do such live in fear and wrought of the forest officials. Most of the communities that have good
relationships with forest official are those on the enclaves and others who know how to find their ways each time the
forest official visits. The major cause of the fallout in the relationship between the forestry officials and the communities
is because of the land issues, communities want to expand and encroach forest areas while the forestry officials give
themno chance of further expansion this claimis supported by Barrett et., al (2001) who opined that Hunger for land,
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demand for land for farming among other factors are responsible for conflict and poor relationship. Agbeja and Otesile
(2001) also highlighted that one of the major cause of conflicts between agricultural and forestry land uses in a because
of the hunger for land.

Maps

Every information provided can be represented on the map, and this shows how flexible the map could be. This is
important such that every decision making body can find it easier to make the necessary decisions and also in location
of any community where necessary. Implementation would be easy and also strategic planning for the communities.
This is an indication of how effective a GIS tool could be used in forest management practices.

CONCLUSION AND RECOMMENDATION

This study and research has shown how GIS is an effective tool for map production and also for the effective creation
and management of database in forest management. This research has also proved beyond doubt that GIS has power in
analyses, storage of the various kind of information present. The database created can be effective for policy making
and implementation, motoring and also how poverty and sustainable forest manage practices could be carried in map
production and spatial data analyses. The importance and the effectiveness of GIS as a forest management tool cannot
be overemphasized as it has been shown beyond all indications how this tool is important. Government should explore
GIS technology by using it as a major tool for management. It is important that the government should get GIS expert
for the training and retraining of forestry staffs so as to ensure their functionality. In order to help the people of these
communities, government should provide more enclaves that will facilitate farming activities in the forest reserve. For
effective management of the forest reserve, the forest guards should work more on the security of the forest reserve and
making illegal fellers should be apprehended. Government should not neglect the fact that, research activities that will
ensure proper data collection should be embarked upon, not neglecting the data storage, management and updating the
data at a given Interval.
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Abstract

Lack of adequate data and baseline information are some of the problems facing sustainable forest management in
Nigeria. Thisstudy was carried out to develop volume equations for sustainable management of privately grown stands
of Tectona grandis Linn.fstands in Ekiti State, Nigeria. Data for the study were collected fromthree (3) age series (10,
13 and 15 years) in each of the locations. Five (5) temporary sample plots (25 x 25 m) were randomly located perage
series. Seventy percent (70%) of the data were used for calibration, while the remaining thirty (30%) were used for
validation purposes. Models (Simple linear regression, binomial, polynomial and Logarithm transformed) were
generated through regression analysis for this study. The resulting equationswere validated using a paired t-testand
percentage bias. A total of 1085 trees were enumerated in the study area, though the density of trees was higher in
Aisegba (1011/ ha) than Ikere (795/ ha). The mean DBH of trees ranged from15.58 cmto 19.06 cm in both siteswhile
mean tree height varied from 6.83 mto 10.49 m. The stand volume varied from 72.81 m3/ha to 192.45 m®/ha. The R?for
the linear models ranged from 59% to 87%. The recommended models for Ikere was logarithm transformed model
(LNV=-9.691+0.961LND?H), the binomial model (V=0.008+(0.003D) +0.001D?) for Aisegba and logarithm model
(LNV=-9.610+0.948LND?H) for the pooled data. The developed volume equationsderived in this study cannot be used

for other species. Therefore, similar studies should be conducted for other species.

Keyword: Volume equations, Sustainable Forest Management, Tectona grandis.

INTRODUCTION

Forests are important part of our environm