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Introduction  

There is no doubt that we are all familiar with the theme of this keynote address particularly in the recent times it has become a 

daily occurrence that we are faced with the challenges of insecurity, the ubiquitous climate change phenomena and of course the 

most dreaded Covid-19 pandemic which has taken the lives of millions of people around the globe.  

Each of these challenges is unique in its own characteristics and possesses devastating effects on the people, forests and fauna 

(wildlife). Forestry practice in Nigeria in the recent times has become endangered due largely to widespread incidences of attacks, 

killings, raping and kidnapping for ransom by harmed men who are supposedly foreigners and their local collaborators who have 

taken over many of our forest estates in Nigeria. This unsavory development has created so much fear/terror  and has negatively 

impacted on forestry and allied activities in Nigeria in the recent times. 

 

The Challenge of Insecurity 

This is perhaps the only problem that has hitherto defied all strategic solutions in Nigeria. Strangely, it is pathetic that the military 

formations are equally helpless in effectively tackling and eradicating this particular monstrous challenge. The monopoly of 

violence is no longer exclusive right of the military but by the non-state actors. There are instances of security breaches too 

numerous to mentioned. The front pages of newspapers are daily awash with the news of attacks of bandits in Nigeria while 

television news headlines are often characterized by the same subject. The most perplexing aspect of this security challenges is that 

bandits, unknown gun-men or insurgents are majorly occupying many of our national forests in all parts of Nigeria from Sambisa 

forests in Borno State, Falgore in Kano State, many forests in the southern parts of Nigeria e.g. Oyo State and Ondo State forests, 

while Lagos and Ogun States are not exempted. Forests in the south east and south-south are not by any means equally exempted 

from the activities of these marauding criminals. 

 

In a report, an intelligent meeting coordinated by the Defense Intelligence Agency DIA after an attack on an Abuja ï Kaduna train 

identified three locations as destination of bandits after most attacks within that axis. The locations identified by DIA as banditôs 

dens are Rijana, Katari and Kasarami the forest areas frequently visited by these criminals. This of course is a major challenge of 

forestry in those areas and the ripple (terror) effect is felt all over other Nigeria forests. 

According to Aju and Aju (2018) it was stated that since 2013 when the Boko Haram insurgents found a safe haven in the Sambisa 

forest from where they launch their attacks on the Nigerian State, neither Nigeria nor the forest has known any peace ever since. 

Unfortunately, the situation has grown from bad to worse and has continue to metastasis  

No wonder therefore, the FAO declare Nigeria forests as one of the most threatened on the planet because of high population 

growth rates, conversion for subsistence, industrial agriculture and illegal logging and unsafe environment. 

Forest establishment is therefore directly affected or impeded as a result of the risk associated with planning and carrying out any 

planting operations in the forest areas. In some cases, farmers have lost their lives to the sporadic shootings of insurgents, bandits 

or unknown-gun-men in many parts of Nigeria on their farms, highways and villages. 

The Koshebe massacre took place on the 28th November 2020 in the village of Koshebe, in Borno, when as many as 110 civilians 

and peasant farmers were killed and six were wounded as they worked in rice fields in their village, The attack was thought to be 

carried out by the insurgents, (Koshebe massacre - Wikipedia). This kind of 

situation has made practice of forestry a serious challenge in Nigeria, even 

though most of the attacks are in the northern parts but the ripples effects are 

felt all over the country. There is no doubt that all this would affect the 

economic growth (foreign exchange earnings) and stability of the country as 

well. 

 

 

 

 

 

 

 

 
 

KEYNOTE ADDRESS 

 

 

https://en.wikipedia.org/wiki/Koshebe_massacre#:~:text=The%20Koshebe%20massacre%20took%20place,northeast%20Nigerian%20city%20of%20Maiduguri.
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Rural Urban Drift/IDPs  

Traumatic disorders in affected communities have resulted in displacement of people from their homelands. This has led to exodus 

of people into the more relatively secure towns and cities. Borno Adamawa and Yobe States have the largest number of IDPs with 

nearly 1 million persons that have been internally displaced as a result of the insurgency with nearly 530,000 displaced persons in 

Maiduguri alone. We all know that forestry is rural based, hence the prevailing situation in most part of Nigeria rural areas does 

not favor practice of forestry and agriculture and if care is not taken the downward economic growth will continue and this will not 

augur well for the wellbeing of the citizenry. As late as of 2020, 

Nigeria has a total of 143,110 IDP camps out of which 84% are located 

in Borno State. The 3rd largest in Africa after DRC and Somalia. The 

full impact of this development is capable of reducing productivity of 

forest workers in the affected areas. In Vanguard publication of 8th 

November 2020, it was reported that over 3,000,000 persons were 

displaced in he North East alone. 

(https://www.vanguardngr.com/2021/11/idps-number-in-nigeria-

rises-to-3million-refugees-commissioner/) The chief of Staff to 

Benueôs Gov. Samuel Ortom says 1.5 million persons are in various 

Internally Displaced Peoples (IDPs) camps in the state. He further said 

that Many of the Statesô prime farmers are in IDP camps having been rendered homeless by rampaging bandits. 

(https://www.vanguardngr.com/2022/06/1-5m-persons-in-idp-camps-in-benue-official/) This number does not exclude forest 

farmers in the State. 

 

The Governor of Bene State, as a result has moved to create a security outfit for his State and said the State would apply to the FG 

to authorize purchase military grade weapons such as of AK 47 and AK 49 for Benue State Security Community Volunteer Guards 

to balance the threat capacity from those categories of Non-state-actors. This is in addition to the WSN code named Amotekun in 

the SW and other forms and kinds of self-help security arrangements in Nigeria have all indicated the seriousness of security 

deficiency in the country, the effect of which is all encompassing including especially forestry practice and business in the rural 

areas and highways.  

 

Climate change challenges and forestry development 

Climate change in Nigeria is a global phenomenon. It is felt by all and sundry. Nigeria has been experiencing what the rest of the 

world is experiencing in the area of socio-economic, agriculture, forestry and animal husbandry challenges. 

Plantation establishment is a capital intensive operation in forestry but climate change does not help at all in this area. Particularly, 

in the arid north where seedling survival could be less than 30% due to effect of drought and erratic rainfall distribution the financial 

implication of this is weighty on the Federal, State or Local Government budget and performance.  

The change in climate has affected the durations and intensities of rainfall which has resulted into runoffs and flooding in many 

places in Nigeria (Enete IC, 2014). Evidently, precipitation variation has to continue to increase. While in the southern states the 

precipitations have continue to rise while the northern states particularly the front-line states are experiencing intermittent drought. 

Which has made forest or plantation establishment a real challenge in these vast lands? 

 

Forest fires 

The most devastating effect on forest that could ever be is the forest fire. Fire is better not set or allow to enter a plantation than to 

mitigate it. Its effect is always permanent and costly in a plantation except it is used deliberately as a management prescription, 

Bergeron, Y., et al. (2002). Fires are adverse events with tangible costs for property and human life, Drew Martin (2016). The onus 

is on the manager of resources to know when to use and not to use fire in a plantation. In Nigeria and around the world fire has 

kept on making impact on the ecosystems even in the pristine forest of the amazon fire has been the issue, in California and in the 

middle east regions, including European countries such as Spain and France recently fire has caused great loses to the ecosystem 

there. 

 

Therefore, fire is a big challenge to our forest either in the south or in the north of Nigeria. There is however, nothing that man can 

do to stop the fire from playing a role in ecosystem disturbances because fires do occur naturally on its own from the forces of 

nature such as volcanic eruption and lightning and in some cases due to mischievous tendency of some animals or birds such as the 

Firehawks. For decades, people in northern Australia have considered firehawksðthe black kite (Milvus migrans), whistling kite 

(Haliastur sphenurus), and the brown falcon (Falco berigora)ðpart of the natural order. These birds are key to conservation.) 

According to Waipuldanya Phillip Roberts in I, the Aboriginal, a 1964 autobiography of Roberts compiled by Australian journalist 

Douglas Lockwood, He stated that:  

 

 
óôI have seen a hawk pick up a smoldering stick in its claws and drop it in a fresh patch of dry grass half a mile away, 

then wait with its mates for the mad exodus of scorched and frightened rodents and reptiles,ò ñWhen that area was burnt 

out, the process was repeated elsewhere.ò 

Forestry and the Challenges of Insecurity, Climate Change and Covid-19 Pandemic in Nigeriaé..Adeogun 
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Challenges of covid-19 pandemic 

By the time the virus spreads to most part 

of the globe it was almost impossible to 

contain it and hitherto the virus has 

caused untold hardship and death to most 

part of the world without exception. 

The virus is unique in its own 

characteristics in that it was not possible 

to apply know vaccination technique to 

tackle it. It took a short while before 

scientists could break the DNA code and 

come up with a novel technique of 

fighting the virus. This in itself was a 

serious challenge and down the line of 

forestry and forest resources management 

the impact has affected all and sundry. 

The global pandemic due to COVID-19 

has brought significant disruption to 

society and the environment. (Md. Saidur 

Rahman, et al., 2021). 

 

In Nigeria just like in many other countries, the effects of the incidences of Covid-19 were equally traumatic. The impact of 

lockdown was felt on both forest and wildlife conservation including the forest dependent people in a country like Bangladesh 

where detail information was collected.  The nationwide lockdown in Nigeria as one would expect has its effect on both forest and 

non-forest income generation activities of the communities that are living in the forest and fringes of the forests. According to ILO 

(2020) on the impact of Covid-19 on the forest sector, it was said and I quote: 

 

ñThe COVID-19 pandemic is affecting public health and causing unprecedented disruptions to economies and labor 

markets, including for workers and enterprises in the forest sector. The sector provides work for at least 54.2 million 

women and men worldwide, many in the informal economy. Forests are central to mitigating impacts of climate change, 

and around 1.5 billion people, many of whom are indigenous and tribal peoples, depend on forests for food, income, 

jobs, energy and shelterò 

 

If Covid-19 affected this huge number of people in this sector, we can then imagine the significant impact on our economy. Nigeria 

has a large rural population that is sustaining the country in the areas of food and wood production in the economy. For any 

successful forest operation, the health of the forester must be guaranteed. In 2020, the global pandemic caused a world-wide uproar 

in the health sector which reverberated so much in forestry sector. 

There was a ban on the movement of people from one place to another. This impacted forestry activities and the like so much. It 

must be stated that there is no specific sector data on death of forestry workers but the overall death record from National Centre 

for Disease Control was alarming and inclusive particularly in the epicenter of the pandemic in Nigeria namely Lagos (769 deaths) 

and Abuja (249 deaths) as at 12/07/22, (NCDC Coronavirus COVID-19 Microsite). 

 

There was a national decree that forced every citizen to stay in-door and where necessary the use of facemask was mandatory. As 

long as the pandemic continues there was no export or import of goods and services which seriously affected forestry production 

and export of timber and NTFP. Most countries including Nigeria exempted agri-food systems (including NTFP) from ñlockdownò 

policies introduced to stop the spread of the virus among communities. This has a nation-wide effect on everybody. It caused 

disruptions to supply chains and falling consumer demand. There was a wider implication of the virus as Federal and State 

government implemented lockdowns across the country. The first major step taken included closing of all borders and many non-

essential businesses which ultimately resulted in severe declining in remittances and export demand and the attendant economic 

recession. 

 

 

 

Conclusion 

In conclusion, discussions on forestry and the challenges of insecurity, climate change and covid-19 pandemic in Nigeria is very 

apt at this particular time in the history of forestry development in Nigeria. There is therefore, the need to strengthen all aspects of 

our social lives such as: (a) provision of adequate security and defense equipment for our forest guards to protect themselves and 

our forest estates. (b) mitigating the effects of climate change through the provision and support of mitigation practices and (c) 

provide health facility and/or health insurance for vulnerable forest workers in case of any event of possible epidemic. 

 

Forestry and the Challenges of Insecurity, Climate Change and Covid-19 Pandemic in Nigeriaé..Adeogun 
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The Actual óEvilô in Our Forests 

The concept of óevil forestsô as locations where spiritual and temporal realms are blended and as regions where extra-terrestrials 

roam freely is well enshrined in Nigerian folklore. The prefix óevilô is assigned due to the belief that whoever ventures into an area 

so designated, either willingly or by compulsion, stands to experience a significant level of harm. Several rural communities 

designate and restrict free access into such areas due to widespread belief that resident animated beings are prone to harming 

trespassers. In traditional justice systems, it is also the ominous gateway to a painful and shameful eternity where the worst social 

offenders are banished. This concept is already well illustrated in our homegrown movie industry and more empirically in several 

scientific reports (Onyekachi et. al. 2019; Green, 2013; Sankawulo, 1971, Njoku et. al., 2017). Several foreign movies also attest to 

the fact that the concept of evil forests is actually a worldwide phenomenon.  

 

Although usually based on fear, restricted anthropogenic activities in the said areas have helped to keep large swathes of forests in 

pristine conditions for several decades. However, in recent times, belief in spiritual landlords has rapidly waned to the detriment of 

biodiversity conservation. In several parts of Nigeria, former óevilô forests in close proximity to cities have succumbed to 

infrastructural development. Their erstwhile potency to scare majority of the populace óinto lineô has gradually faded with the 

emergence of younger generations who are more empirical than phantom in thinking. Displacement of so-called evil spirits by 

humans in traditional reserves and unhindered encroachment into gazetted forest reserves, wildlife sanctuaries, nature reserves and 

other protected areas, definitely portend multifaceted grave consequences for Nigeria as a whole. While it might be admissible to 

regard occupation of forests by spirits as fantastic, what is not fantasy nevertheless, is the grim reality facing Nigeria today. Several 

forest reserves are now best truly described as óevilô; not because of phantom occupants but because forest reserves are now 

established bases of terrorists, insurgents, bandits and human-traffickers (Olaniyan, 2018; Olaniyan, 2018; Nsemba et.al., 2021; 

Popoola, 2014; Freshgist, 2014; Ladan, 2014; Marsai and Tarrósy, 2022, Prinz and Schetter, 2021).  

 

Interestingly, at various fora, I have leeringly advocated for official designation of ónormalô forest reserves as óevil forestsô, if only 

to scare away unrepentant loggers, poachers and their office collaborators from further decimating our common natural heritage. 

Unfortunately, the normalcy of our forest reserves has been eroded by prevalent violent attacks that are planned and launched from 

there. Most forest reserves in Nigeria now have a truly evil status. For instance, the very mention of the name óSambisa forestô send 

an immediate shiver down the spine of even the most ardent among field researchers. Several other popular research destinations 

(Falgore Forest, Kano; Kamuku Forest, Kaduna; Yan Mangu Forest, Zamfara; Yankari Game Reserve, Bauchi; Sambisa Forest, 
Borno; several southwestern reserves and Niger Delta Mangroves) are no longer freely accessible or sensible to freely access. 
Most researchers and even forest managers have sensibly stayed away from there precious natural estates to the misfortune of other 

species. As it is, the forests were safer when they were occupied by óspiritsô than now that they are occupied by evil men. Protected 

areas are no longer managed, and most wildlife have become food for terrorists. As such, we can no longer dutifully pursue the 

objectives of forest management, famously described by Adeyoju, 2001 and embodied in our National Forest Policy: Nigeriaôs 

natural resources and environment is to be conserved and used for the collective benefit of the people and to be replenished for the 

benefit of future generations. 

 

Consequences of Insecurity on Nigeriaôs Protected Areas 

The immediate consequences for biodiversity are that (i) forest managers are denied safe access, (ii) edible resources (flora and 

fauna) are excessively exploited, (iii) wildlife migration is prematurely triggered, (iv) several ecosystems functions are disrupted 

(v) the risk of bushfire is heightened and (vi) Access of poachers is made easier. Similarly, in addition to (i) biodiversity loss, other 

immediate implications for humans are (ii) insecurity of forest guards/managers, (iii) insecurity of life/properties in both nearby 

communities and urban centres. Concern over ineffective management of forest reserves in different states of Nigeria has taken a 

different dimension considering the fact that they are now used as hideouts by miscreants who unleash attacks on unsuspecting 

members of the society as well as public and private properties. Public concern regarding forest management has shifted from the 

extraction of timber to the preservation of additional forest resources, including wildlife and old growth forests, protecting 

biodiversity, watershed management, and recreation, protecting areas with fragile ecosystems, maintaining the diversity of life and 

developing new natural products for medicines (FAO, 2004). Insecurity of forests has dire socio-economic impacts that range from 

 

https://www.tandfonline.com/author/Olaniyan%2C+Azeez
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loss of lives, to biodiversity loss, to environmental degradation to economic sabotage. Nwogwugwu et al. (2012) highlighting how 

militancy in Niger Delta creeks decreased in-flow of foreign direct investment from about $20 billion in 2007 to about $6.1 billion 

in 2010. Loss of human lives have also been high. Similarly, around the country, forest-based insurgents, terrorists, bandits, drug 

lords and herdsmen have caused much socioeconomic and environmental damages through murder, rape, arson, man-stealing, 

looting and robbery.  

 

Although forest reserves are public property governed by laws, the regulations of 1953 were merely designed to conserve the forests 

from illegal loggers, and harvesting of plants. The regulations did not anticipate the emergence of automatic rifle-wielding poachers 

or bandits and so need to be strengthened to capture present and future sources of danger to the plants and animals in these forests 

and to their neighbouring communities. In the past, there were patrol guards, armed with dane guns, which were ineffective against 

the super-fire of violent intruders. Environmentalists are also concerned about the possible transmission of zoonotic diseases if 

cattle cohabit with wildlife, possibly triggering a new set of medical emergencies. There is dire need to upgrade the laws and 

regulations to manage the nationôs forest reserves and parks to fit the current reality. 

 

Ladan (2014) reported on the modifications of several forest reserves in northern Nigeria due to occupation by violent groups: 

Balmo Forest Reserve (Bauchi/Jigawa States), Falgore Forest Reserve (Kano State), Idu Forest and Gwagwa Forest Reserves 

(Abuja FCT), Kabakawa Forest Reserve (Katsina State), Kagoro Forest and Kamuku Forest Reserve (Kaduna State),  Ruma/Kukar 

Jangarai Forest Reserve (Katsina State) and Sambisa Forest Reserve (Borno State). Similarly, the propensity of terrorists to colonise 

forest reserves has also been reported for various parts of the tropics. In Kenya, gunmen believed to be members of Al-shabab 

hiding in two forests in Lamu county carried out attacks that kills 60 people, destroyed people houses and farmlands in July 2014.  

The Kenyan military deployed jets and security personnel to hunt down the attackers that are hiding in Gorji and Balasange forests 

(Daily Nation, 2014). In India, a guerilla war is going on between the militants and Indian troops stationed in Indian controlled 

Kashmir since 1989.  The militants who have been hiding in Gungerpat, Dhanni and Zab forests and in August 2014 launch an 

attack that kills four soldiers.   

 

Fierce battles usually take place intermittently across the region as the military tries to defeat the militants (Xinhuanet, 2014). In 

Colombia, the greatest concentration of FARC guerilla forces is in south eastern region of Colombiaôs 50,000 square kilometers of 

forests.  The rebels have their bases in the forests from where they launch attacks on government forces, capture people used as 

soldiers, hostages and engage in illicit drug trade to finance their war. The rebels also hide in remote areas of the forest whenever 

they lost control of territories under the control. In Democratic Republic of Congo, various armed groups having their bases in the 

forests have been fighting the national army and United Nations forces for many years in the east.  The armed groups from their 

forest bases ambush government troops and also launch attacks on the civilian population in the vast forests of the country.  Besides 

thus, the series of wars waged in the country armed group took control of national parks where some endangered species are kept 

and forest rangers were kicked out which results in the death of the species. The armed group also engaged in the deforestation to 

produce charcoal to finance their illegal activities that serve as security threat to the country. According to UNEP (2010), the 

Garamba forest has been a rebel stronghold for nearly two decades which has negatively affected the plants and animals that are 

found there.  

  

It is noteworthy however, that apart from insecurity, other challenges of managing forest reserves in nigeria have been described 

by several authors: (i) Obscure forest tenures/property rights (Adeyoju, 2005; Larinde and Chima, 2014), (ii)  Unimplemented 

forest management plans (Osemebo, 1988, Akachukwu, 1997), (iii) Low community participation in forest management (Larinde 

and Chima, 2014), (iv) Inadequate manpower (Alao, 2005; Akindele, 2008; Akande et al, 2007; Faleyimu and Arowosoge, 2011;  

Popoola, 2014), (v) Inadequate funding (Famuyide, et al., 2005). 

 

Environmental Consequences of Rebels Using the Forest as Hideout  

Forests used as hideouts by rebel groups, are subject to degradation from mineral exploitation, hunting, and collection of fuel wood 

of these groups. When firearms become widely available in times of warfare this often leads to an eruption of wildlife hunting by 

armed factions but also by individual poachers that have acquired arms of war. Mineral exploitation activities have proven 

destructive there where chemicals are used to separate precious stones from rocks and dirt. In some cases, however rebels make 

efforts to protect the forest, and there with their cover, from large scale exploitation. For instance, in Colombia guerrilla groups use 

landmines and the threat of violence to prevent outsider penetration into forest areas (Alvarez, 2003). Direct environmental damage 

is likely as a result of combat related activities. Armies store and abandon ammunition in natural settings which risks water 

contamination (Westing 1992). By defending forest strongholds with land mines, local population and domestic and wild animals 

are in continuous life-threatening danger even for many years after the conflict. A more serious threat is when forests are destructed 

as a counterinsurgency measure. In many of the countries where the forest has been used as a sanctuary for rebel groups, forest 

destruction has been a deliberate strategy of state armies, paramilitary groups and rebel opposing villagers to destroy rebel fighting 

capacities. Several means have been deployed towards this end. In Myanmar the government has supported timber operations to 

open up deep forested mountainous areas where rebel forces sheltered. In Sierra Leone and Liberia villagers in some areas cut away 

tracks of forest along roads and around villages to protect themselves against ambush and village intrusion of rebels and criminals 

(Ruben and Doris, 2007).   

 

https://www.researchgate.net/profile/Solomon-Larinde
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Most negative damages to forest ecosystems are inflicted through chemical spraying campaigns. In Cambodia, defoliation 

chemicals are reported to have been used during the days of Khmer Rouge government, International Tropical Timber Organization 

(ITTO, 2005). Spraying chemicals allegedly causes health problems, loss of productive non-illicit crop areas, ecosystem damage 

in sprayed areas and - interrelated to these - economic impoverishment and migration of farmers (Sum-Ping 2006). In Mexico 

Zapatista rebels in 2001 suspected the army to use pesticide spraying programs to control the Mediterranean fruit fly as a disguised 

attempt to destroy the food security of farming communities suspected of harbouring rebel sympathizers. The government, 

however, maintained that spraying was purely phyto-sanitary reasons (Pimiento-Chamorro and Hammond 2001). 

 

Strategies for reversing the hazardous impact of terrorism on protected areas 

Recent reports (Ojo, 2020; Nsemba et. al., 2021; Prinz and Schetter, 2021; Marsai and Tarrósy, 2022) have highlighted the role of 

lack of proper governance of protected areas in exacerbating the colonization of the forest reserves commonly termed óungoverned 

spacesô by evil occupants. Hence a major route of recovery is to first recover the spaces by a skillful blend of dialogue and military 

intervention, thereafter, commence proper governance of the reserves. The following strategies are thus recommended:  

i. Decisive military operations to dislodge forests of evil humans 

ii. Enhancement of real-time satellite surveillance capacities of Ministry of Environment 

iii.  Integration of forest protection into the National armed security system  

iv. Enactment of stronger legislation and implementation of existing ones 

v. Extensive reforestation and enrichment of degraded reserves 

vi. Extensive afforestation of new areas to offset recent deforestation  

vii. Emphasis of recreation and tourist activities around forest reserves and within national parks 

viii.  Improved funding for management of protected areas 

ix. Increased political will to sincerely tackle corruption issues surrounding forest protection 

x. Establishment of military outposts contiguous to national parks and embedded within forest reserves 

xi. Greater emphasis on urban forestry to augment total natural forest cover 

xii. Subsequent management of all protected areas of Nigeria in line with UNEPôs Ecosystem Approach to Sustainable 

Forest Management (SFM) and implementation of Forest Principles in all Nigeriaôs protected areas 

 

The Convention for Biological Diversity (CBD) postulated The Ecosystem Approach for achieving Sustainable Forest 

Management (SFM). The postulations were agreed upon and adopted by the conference of the parties to the CBD in 1995. As 

described in UNEP (2004), the Ecosystem Approach for achieving SFM is thus outlined:  

a. The ecosystem approach is a strategy for the integrated management of land, water and living resources that promotes 

conservation and sustainable use in an equitable way. Thus, the application of the ecosystem approach will help to reach a 

balance of the three objectives of the Convention: conservation; sustainable use; and the fair and equitable sharing of the 

benefits arising out of the utilisation of genetic resources.  

b. An ecosystem approach is based on the application of appropriate scientific methodologies focused on levels of biological 

organisation, which encompass the essential structure, processes, functions and interactions among organisms and their 

environment. It recognises that humans, with their cultural diversity, are an integral component of many ecosystems. 

c.  This focus on structure, processes, functions and interactions is consistent with the definition of "ecosystem" provided in 

Article 2 of the Convention on Biological Diversity: "'Ecosystem' means a dynamic complex of plant, animal and micro-

organism communities and their non-living environment interacting as a functional unit." This definition does not specify 

any particular spatial unit or scale, in contrast to the Convention definition of "habitat". Thus, the term "ecosystem" does not, 

necessarily, correspond to the terms "biome" or "ecological zone", but can refer to any functioning unit at any scale. Indeed, 

the scale of analysis and action should be determined by the problem being addressed. It could, for example, be a grain of 

soil, a pond, a forest, a biome or the entire biosphere.  

d. The ecosystem approach requires adaptive management to deal with the complex and dynamic nature of ecosystems and the 

absence of complete knowledge or understanding of their functioning. Ecosystem processes are often non-linear, and the 

outcome of such processes often shows time-lags. The result is discontinuities, leading to surprise and uncertainty. 

Management must be adaptive in order to be able to respond to such uncertainties and contain elements of "learning-by-

doing" or research feedback. Measures may need to be taken even when some cause-and-effect relationships are not yet fully 

established scientifically.  

e. The ecosystem approach does not preclude other management and conservation approaches, such as biosphere reserves, 

protected areas, and single-species conservation programmes, as well as other approaches carried out under existing national 

policy and legislative frameworks, but could, rather, integrate all these approaches and other methodologies to deal with 

complex situations. There is no single way to implement the ecosystem approach, as it depends on local, provincial, national, 

regional or global conditions. Indeed, there are many ways in which ecosystem approaches may be used as the framework 

for delivering the objectives of the Convention in practice. 

  

Consequent upon the ecosystem approach for achieving SFM, the following complementary and interlinked twelve (12) Forest 

Principles are also advanced to guide sustainable management of natural resources, especially protected areas: 

Principle 1: The objectives of management of land, water and living resources are a matter of societal choice. Rationale: Different 

sectors of society view ecosystems in terms of their own economic, cultural and societal needs. Indigenous peoples and other local 
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communities living on the land are important stakeholders and their rights and interests should be recognised. Both cultural and 

biological diversity are central components of the ecosystem approach, and management should take this into account. Societal 

choices should be expressed as clearly as possible. Ecosystems should be managed for their intrinsic values and for the tangible or 

intangible benefits for humans, in a fair and equitable way.  

Principle 2:  Management should be decentralised to the lowest appropriate level. Rationale: Decentralised systems may lead to 

greater efficiency, effectiveness and equity. Management should involve all stakeholders and balance local interests with the wider 

public interest. The closer management is to the ecosystem, the greater the responsibility, ownership, accountability, participation, 

and use of local knowledge.  

Principle 3: Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent and other 

ecosystems. Rationale: Management interventions in ecosystems often have unknown or unpredictable effects on other 

ecosystems; therefore, possible impacts need careful consideration and analysis. This may require new arrangements or ways of 

organisation for institutions involved in decision-making to make, if necessary, appropriate compromises.  

Principle 4: Recognising potential gains from management, there is usually a need to understand and manage the ecosystem in an 

economic context. Any such ecosystem management programme should: (a) Reduce those market distortions that adversely affect 

biological diversity; (b) Align incentives to promote biodiversity conservation and sustainable use; (c) Internalise costs and benefits 

in the given ecosystem to the extent feasible. Rationale: The greatest threat to biological diversity lies in its replacement by 

alternative systems of land use. This often arises through market distortions, which undervalue natural systems and populations 

and provide perverse incentives and subsidies to favour the conversion of land to less diverse systems. Often those who benefit 

from conservation do not pay the costs associated with conservation and, similarly, those who generate environmental costs (e.g. 

pollution) escape responsibility. Alignment of incentives allows those who control the resource to benefit and ensures that those 

who generate environmental costs pay.  

 

Principle 5: Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, should be a priority 

target of the ecosystem approach. Rationale: Ecosystem functioning and resilience depends on a dynamic relationship within 

species, among species and between species and their abiotic environment, as well as the physical and chemical interactions within 

the environment. The conservation and, where appropriate, restoration of these interactions and processes is of greater significance 

for the long-term maintenance of biological diversity than simply protection of species.  

 

Principle 6: Ecosystems must be managed within the limits of their functioning. Rationale: In considering the likelihood or ease 

of attaining the management objectives, attention should be given to the environmental conditions that limit natural productivity, 

ecosystem structure, functioning and diversity. The limits to ecosystem functioning may be affected to different degrees by 

temporary, unpredictable or artificially maintained conditions and, accordingly, management should be appropriately cautious.  

 

Principle 7: The ecosystem approach should be undertaken at the appropriate spatial and temporal scales. Rationale: The approach 

should be bounded by spatial and temporal scales that are appropriate to the objectives. Boundaries for management will be defined 

operationally by users, managers, scientists and indigenous and local peoples. Connectivity between areas should be promoted 

where necessary. The ecosystem approach is based upon the hierarchical nature of biological diversity characterised by the 

interaction and integration of genes, species and ecosystems.  

 

Principle 8: Recognising the varying temporal scales and lag-effects that characterise ecosystem processes, objectives for 

ecosystem management should be set for the long term. Rationale: Ecosystem processes are characterised by varying temporal 

scales and lag-effects. This inherently conflicts with the tendency of humans to favour short-term gains and immediate benefits 

over future ones.  

Principle 9: Management must recognise that change is inevitable. Rationale: Ecosystems change, including species composition 

and population abundance. Hence, management should adapt to the changes. Apart from their inherent dynamics of change, 

ecosystems are beset by a complex of uncertainties and potential "surprises" in the human, biological and environmental realms. 

Traditional disturbance regimes may be important for ecosystem structure and functioning, and may need to be maintained or 

restored. The ecosystem approach must utilise adaptive management in order to anticipate and cater for such changes and events 

and should be cautious in making any decision that may foreclose options, but, at the same time, consider mitigating actions to 

cope with long-term changes such as climate change.  

Principle 10: The ecosystem approach should seek the appropriate balance between, and integration of, conservation and use of 

biological diversity. Rationale: Biological diversity is critical both for its intrinsic value and because of the key role it plays in 

providing the ecosystem and other services upon which we all ultimately depend. There has been a tendency in the past to manage 

components of biological diversity either as protected or non-protected. There is a need for a shift to more flexible situations, where 

conservation and use are seen in context and the full range of measures is applied in a continuum from strictly protected to human-

made ecosystems. 

Principle 11: The ecosystem approach should consider all forms of relevant information, including scientific and indigenous and 

local knowledge, innovations and practices. Rationale: Information from all sources is critical to arriving at effective ecosystem 

management strategies. A much better knowledge of ecosystem functions and the impact of human use is desirable. All relevant 

information from any concerned area should be shared with all stakeholders and actors, considering, inter alia, any decision to be 
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taken under Article 8(j) of the Convention on Biological Diversity. Assumptions behind proposed management decisions should 

be made explicit and checked against available knowledge and views of stakeholders. 

 Principle 12: The ecosystem approach should involve all relevant sectors of society and scientific disciplines. Rationale: Most 

problems of biological-diversity management are complex, with many interactions, side-effects and implications, and therefore 

should involve the necessary expertise and stakeholders at the local, national, regional and international level, as appropriate.  

 

Sustainable Forest Management (SFM) offers a holistic approach to ensure activities deliver social, environmental and economic 

benefits, balance competing needs, maintain and enhance forest functions now and in the future. SFM aims to ensure that forests 

supply goods and services to meet both present-day and future needs and contribute to the sustainable development of communities. 

SFM stipulates that forest managers do the following: 

ω Maintain a stable forest land base 

ω Maintain or increase forest biodiversity 

ω Maintain diverse forest size structure and species composition on the landscape 

ω Maintain or increase the quality and quantity of water from forest ecosystems 

ω Maintain or increase soil productivity and minimize soil erosion and contamination 

ω Maintain or increase the capacity for sustained yield of timber and non-timber forest products 

ω Maintain or increase forest-based employment and community stability  

ω Maintain and enhance the quantity and quality of forest recreation and other opportunities for people to experience forests 

ω Maintain a system of institutions, policies, regulations, and incentives that support forest sustainability at multiple spatial 

scales 

ω Increase environmental literacy and engage a wide range of stakeholders in sustainable forest management 

Similarly, national SFM projects require the following: 

ω Maintenance, conservation and enhancement of ecosystem biodiversity 

ω Protection of ecologically important forest areas 

ω Prohibition of forest conversions 

ω Recognition of free, prior and informed consent of indigenous peoples 

ω Promotion of gender equality and commitment to equal treatment of workers 

ω Promotion of the health and well-being of forest communities 

ω Respect for human rights in forest operations 

ω Respect for the multiple functions of forests to society 

ω Provisions for consultation with local people, communities and other stakeholders 

ω Respect for property and land tenure rights as well as customary and traditional rights 

ω Prohibition of genetically modified trees and most hazardous chemicals 

ω Climate positive practices such as reduction of GHG emissions in forest operations 

 

Good forest governance would enhance peace building and socioeconomic activities 

The instrumental role of the forest in conflict for both government and opposition parties calls for their inclusion in peace-

negotiations, for the sake of peace-building and for the sake of sustainable forest management. The importance of granting of 

forests management rights to opposition groups may form an important part of their accommodation in a peace agreement has been 

discussed by some authors (Kaimowitz, 2005, McNeely, 2007). Kaimowitz (2005) however opined that inclusion of forest 

management in peace-negotiations is however, no guarantee for their sustainable management. Where management and 

exploitation rights are granted to former military leaders and ex-combatants, as has been the case in Myanmar and Nicaragua, the 

new situation of relative stability led to uncontrolled logging and further deprivation of forest dependent indigenous communities. 

The challenge in such contexts is to carry considerations related to local livelihoods and nature conservation into early stages of 

peace negotiations and reconstruction activities. Besides conflicts, banditry and terrorism that pose challenges to the nation, the 

multiple benefits of SFM cannot be over emphasized. The rural poor use forests in many ways, including for subsistence (e.g. 

fuelwood, medicines, construction wood, bush meat, fodder, mushrooms, honey and edible leaves, roots and fruits); revenue 

generation (e.g. art, craft, food and wood); formal and informal employment; and other purposes such as security (e.g. as a refuge 

in war or civil unrest), cultural and spiritual customs, and recreation, (CBD, 2011). Many urban dwellers also derive income from 

forests, and forests play an essential role in watershed protection and the prevention of land degradation, especially in montane 

ecosystems, all the benefits mentioned in one way or the other serve as key to improving national security. The multiple demands 

on forest goods and ecosystem services are unprecedented, but they are set to intensify with the increasing impacts of climate 

change, population growth and economic crises. 

 

Conclusion 

The current morphology of forest reserves into óevil forestsô must be halted. There must be decisive military operations to dislodge 

forests of evil humans via genuine political will and sustained enhancement of relevant government environmental agencies and 

apparatus. It is pertinent to enact stronger legislations, implement existing protection policies and integrate forest protection into 

the National armed security system. The renewed conservation efforts can benefit greatly from technological possibilities such as 

real-time satellite surveillance, even after sunset. As soon as the forest lands are recovered and access is safe, extensive 

reforestation, afforestation and enrichment should commence to offset erstwhile deforestation and degradation. It is also crucial to 
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inject significantly higher funds to accommodate the extensive restorative work to be done. Recreation and tourist activities around 

forest reserves and within national parks should be enhanced to provide funds for sustainability. In the same vein, there must be 

increased political will to sincerely tackle issues of corruption surrounding forest protection. To forestall resurgence of insecurity 

and violence, military outposts that are contiguous to national parks and embedded within forest reserves should be established 

and adequately equipped and funded. To increase forest cover nationally, greater emphasis should be placed on urban forestry, 

community forestry and participatory forest management.  It has become very pertinent to ensure that in actuality, subsequent 

management of all protected areas of Nigeria should be done in line with UNEPôs Ecosystem Approach to Sustainable Forest 

Management (SFM) and full implementation of Forest Principles. 
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Abstract 

The rate of deforestation and degradation of Nigeria forest resources is alarming. This study was carried out to investigate the 

impact of deforestation on rural household income in Yewa South Local Government Area of Ogun State. The selection of 180 

respondents was done using two stage sampling techniques. Instrument used in data collection was structured questionnaires. Data 

were analysed and presented in tables using mean, standard deviation, mode, frequency and percentage, hypotheses were tested 

using inferential statistics (Z- Test, T- test, and Pearson Product Moment Coefficient of Correlation). The major causes of 

deforestation include; clearing of forest for farming purpose and  logging of wood for timber and fuel wood. The perceived 

consequences of deforestation are decreased rural household incomes and rural poverty among the villagers. There was no 

significant difference (p<0.05) observed between respondents household income. Deforestation contributes to decreased income 

of the rural households. This study recommend that Logging plans should be adopted with ecological sound tree felling practices. 

The benefits such as economic, social, aesthetic and religious of forest people should be preserved. Consultation with the forest 

people by government agencies or forest resources exploiters should be done ï this is to know their socio-economic development 

need without assuming their needs. Government and logging companies should carry out reforestation exercises to replace 

extracted tree species in the forests. There should be a zero or light logging in the areas prone to erosion (slopes and stream edges) 

in the forest. 

 

Keywords:  Deforestation, Household income, Demand for agricultural land 

 

 

Introduction  

In Nigeria, most forests are located in the southern axis and they include; Tropical Rainforests, the Swamp forests and Wooded 

Savannah. The total forest land cover is 91,077,000 Ha (910,770 km2) and this represent 12.18% of the total land area (11,089,000 

Ha (110, 890 km2)) of Nigeria. Forest provide varieties of wood and non-wood products such as foodstuffs, medicinal plants, 

honey, incense, bamboo and so on. Within the Forest are trees, herbs, shrubs, climbers, lianas and other plant species as well as 

different wild animals that are of great value to the populace. 

 

Forests have both social and economic benefit to the livelihoods of rural households by providing up to 40% of the total household 

income (Cavendish, 1999b; Mamo et al., 2006). Rural households depend on forests as source of livelihood (WRI, 2005). Majority 

of rural households in Nigeria have an average land size of <1 hectare with low production and this could be as a result of increased 

human population (Birhanu, 2009). Due to land fragmentation, farmers are left with option of land clearing for agricultural 

purposes. Land clearing for agriculture is one of the causes of forest degradation and deforestation. Deforestation is a serious 

environmental problems that affect the welfare of the people negatively and the overall economy of the country (MoFED, 2002). 

Other factors like wood fuel harvesting by rural dwellers, logging and expansion of rural areas/villages, policy failure due to 

implementation and so on are also responsible to deforestation (Mulugeta and Melaku, 2008; Mekonnen and Bluffstone, 2008).  

The annual rate of deforestation in Nigeria averaged 3.5% which is one of the highest in the world (Martins and Kuriakose, 2017). 

The forest area declined from 14.9 million ha.to 10.1 million ha which translates to the loss of 350,000 to 400,000 ha of forest land 

per annum (Martins and Kuriakose, 2017). Global Forest Assessment reported that Nigeriaôs forests and woodlands, which 

currently cover about 9.6 million hectares, have been dwindling rapidly over the past decades. Between 1990 and 2015, Nigeria 

lost about 35% of its remaining forest resources and over 50% of another wooded land. This situation is pathetic and signaled that 

the remaining forest area of the country might disappear in the next three decades if nothing is done.  

The objective of this study therefore is to examine the impact of deforestation on rural household income and the challenges of 

deforestation in Yewa South Local Government Area of Ogun State. 

 

Methodology 

The Study Area 

The study was carried out in Yewa South Local Government area of Ogun State, South-west, Nigeria. Ilaro is the headquarters of 

Yewa South Local Government with a coordinates of 6Á53ǋ00ǌN 3Á01ǋ00ǌE. The climate of the study area is tropical and 

characterized with wet and dry seasons. The wet season is associated with the South-West monsoon wind from the Atlantic Ocean 

while the dry season is associated with the northeast trade win from the Sahara desert. The temperature ranges between 21 0C and 

34 0C while the annual rainfall ranges between 1500mm and 3000mm. The vegetation is fresh water swamp and mangrove forest.  
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Sample and Sampling Techniques 

The sampling techniques was two stage sampling procedure. The first stage was purposive, which involved selection of six (6) 

villages (Ilaro, Idogo, Ijanna, Erinja, Ilobi and Owoye). In the second stage, 30 respondents were randomly selected each from the 

villages. A total of 180 respondents were selected for the study. The respondents comprise of farmers, hunters and educated 

members of the community.  

Statistical Analysis 

Data were collected, sorted and presented using mean, standard deviation, frequency and standard deviation. The research 

hypotheses were tested at p<0.05 level of significance using Z-test, independent studentôs t-test and Pearson Product Moment 

Coefficient of Correlation (PPMCC) statistics. 

 

Results 

The socio-economic characteristics of the rural households was presented in Table 2. Sixty-one percent of the respondents were 

male while 39% were female. This implies that more males were involved in deforestation than female.  

Age distribution of the respondent showed that majority 40% of the respondents were between 31 ï 40 years of age, 30% were 

within the age range of 41 - 50 years of age. Those that were within the age range of 21 ï 30 years and above 50 years accounted 

for 22% and 8% respectively. On the whole, 70% of the respondents fall into the economically active age group of 31ï50 years 

showing that the majority of deforestation actors are in the physically active age group. 

About 70% of the respondents were married, 12% were divorced, 10% were widow and 8% were divorced. This assured that 

married households have a significant influence on deforestation activities as compared to other participants.  

The study showed that 43% of the respondents had no level of formal education; 37% had primary school education, 14% had 

secondary school education while 6% had tertiary level of education. This situation of illiteracy has serious consequences on the 

level of deforestation and forest degradation in the study area. 

Majority (60%) of the respondents had 3-6 members, 22% had 7-9 members, 10% had less than 3 members while only 8% had 

above 9 person per household. This implies that household with 3-9 persons per household engaged in deforestation activities than 

their other counterparts.  

 

Majority  (75%) of the respondents engaged solely on farming, 10% were teachers who engaged in farming to supplement their 

salary, 7% were traders who engaged in farming to supplement their income, 5% were motorcyclist who engaged in farming 

business while 3% who belong to other occupations also engaged in farming business. 

Monthly income from income distribution showed that majority 60% of the respondents earned between 101,000-150,000 

monthly income, 18% of the farm actors were within the monthly income of 51,000-100,000,  (10%) of the respondents earned 

between 151,000-200000 per month, 7% earned above 200,000 per month while monthly income of less than 50,000 

constituted the least of the respondents with 5%. On the whole 78% of the actors in the study area earned between 51,000 -

150,000 income monthly.  

 

Table 1: Demography of the respondents (n = 180) 

Variables Frequency  Percentage (%) Mode  

Gender  

Male 

110 61 Male  

Female 70 39  

Total 180 100  

Age (year) 

21 ï 30  

40 22  

31 ï 40  72 40 31 ï 40 Years 

41 - 50  54 30  

Above 50  14 8  

Total  180 100  

Marital status 

Single 

14 8  

Married 126 70 Married 

Divorced 22 12  

Widow(er) 18 10  

Separated 0 0  

Total 180 100  

Ethnicity     

Yoruba 162 90 Yoruba  

Igbo 10 6  

Hausa/Fulani  8 4  

Total 180 100  

Education 

No formal education 

77 43 No formal education 

Primary education 67 37  
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Variables Frequency  Percentage (%) Mode  

Secondary education 25 14  

Tertiary education 11 6  

Total 180 100  

Household size 

Less than 3 persons 

18 10  

3 ï 6 persons 108 60 3 ï 5 

7 ï 9 persons 40 22  

Above 9 persons 14 8  

Total 180 100  

Major occupation 

Farming 

135 75 Farming  

Trading 13 7  

Motorcycling 9 5  

Teacher 18 10  

Others 5 3  

Total 180 100  

Monthly Income 

N10,000-50,000 

9 5  

N51,000-100,000 32 18  

N 101,000-150,000 108 60 N101,000-N150,000 

N151,000-200000 18 10  

Above N200,000 13 7  

Total 180 100  

Source: Field survey, 2020 

 

 

The results of practices contributing to deforestation was presented in Table 2. The of forest resources with their mean score and 

standard deviation were reported as follow; Fo res t  was  b e in g  c l ea red  fo r  f a rm ing  p u rp ose (mean = 2.87 and standard 

deviation = 1.1030); logging for fuel wood was heavily practiced in the forest (mean = 3.27 and standard deviation = 0.9821; 

mining operation which was very destructive to the forest (mean = 3.86 and standard deviation = 0.8344); setting forest ablaze 

using wildfire to hunt animals was highly intensive  (mean = 3.93 and standard deviation = 0.8175); urbanization to create more 

cities and towns was done by clearing the forest (mean = 3.55 and standard deviation = 0.9926); poverty that caused most houses 

to rely on the resources obtained from the forest (mean = 3.18 and standard deviation = 1.0184); low illiteracy level among the 

populace which often lead to removal of the forest (mean = 3.26 and standard deviation = 1.0157); expanding global market for 

timber had encouraged forest clearing (mean score = 3.86 and standard deviation = 0.9375; while natural causes such as floods and 

erosions destroying the forest (mean  = 3.78 and standard deviation = 0.7912). This implies that setting forest ablaze using wildfire 

to hunt animals was a great challenge in the study area. 

 

Table 2: Challenges of Deforestation in the study area 

S/no Contributions  of Forest Resources Sample  

Size   

Mean 

score   

St 

Deviation 

Remarks  

1.  Fo res t  i s  b e in g  c l ea red  fo r  f a rm in g  p u rp o se . 180 2.87 1.1030 Agreed  

2.  Logging for fuel wood is heavily practiced in the forest. 180 3.27 0.9821 Agreed  

3.  Mining operation is destructive to the forest. 180 3.86 0.8344 Agreed  

4.  Setting forest ablaze using wildfire to hunt animals is highly 

intensive. 

180 3.93 0.8175 Agreed  

5.  Urbanization to create more cities and towns is done by 

clearing the forest. 

180 3.55 0.9926 Agreed  

6.  Poverty caused most houses to rely on the resources obtained 

from the forest. 

180 3.18 1.0184 Agreed  

7.  Low illiteracy level among the populace will lead to removal 

of the forest. 

180 3.26 1.0157 Agreed 

8.  Expanding global market for timber has encouraged forest 

clearing. 

180 3.86 0.9375 Agreed 

9.  Natural causes such as floods and erosions destroying the 

forest. 

180 3.78 0.7912 Agreed 

Source: Field survey, 2020 

 

Results in Table 3 showed that the deforestation had the following consequences: loss of bio-diversity (mean =2.92 and standard 

deviation = 1.0824), depletion of soil and water resources (mean =3.81 and standard deviation = 0.8995), atmospheric pollution 
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(mean = 3.49 and standard deviation = 1.0023), environmental Calamities (Acid rain, Desertification and Flood) (mean = 3.17 and 

standard deviation =1.0601), decreased rural household incomes (mean = 3.79 and standard deviation =0.8867) while rural poverty 

among the villagers (mean = 3.53 and standard deviation = 1.1090) concluded the study on consequences of deforestation. 

 

Table 3: Perceived Consequences of Deforestation 

S/no Problems Sample  

Size  

Mean 

score   

St 

Deviation 

Remarks  

1.  Loss of bio-diversity. 180 2.92 1.0824 Agreed  

2.  Depletion of soil and water resources. 180 3.81 0.8995 Agreed  

3.  Atmospheric pollution. 180 3.49 1.0023 Agreed  

4.  Environmental Calamities (Acid rain, 

Desertification and Flood). 

180 3.17 1.0601 Agreed  

5.  Decreased rural household incomes. 180 3.79 0.8867 Agreed  

6.  Rural poverty among the villagers. 180 3.53 1.1090 Agreed  

Source: Field survey, 2020 

 

Table 4: Summary of T-Test Statistics on the Responses of Male and Female Respondents. 

Gender N Mean SD Df T-cal T-crit  Prob > T Decision  

Male 

Female 

110 

70 

3.1856 

3.2078 

0.1088 

0.4612 

178 -0.396 -1.96 0.559 Not Significant 

Source: Field survey, 2020 

* P > 0.05 

The asterisks indicated that there was no significant difference between the responses of male and female respondents. 

 

Table 5: Summary of F-Test Statistics on Respondentsô Responses Based on their Incomes 

Sources of 

Variation  

Sum of  

Squares  

Df Mean Square 

(Variance) 

Fcal Fcrit  Prob > F Decision 

Treatment  

Error  

25,030 

  3,536.007 

4 

175 

6,257.5 

20.771 

301.26 3.24 0.002 Significant 

Total 28,566.007 179  

Source: Field survey, 2020 

*    P < 0.05 (significant) 

 

Table 6: Summary of Z-Test Statistics on Forest Resources and Reduction of Crimes 

Variables N Mean score  St Dev DF Zcal  Zcrit  Prob > Z Decision  

Sample 

Population  

180 3.79 

2.5 

0.8867 179 19.516 1.96 0.0002 Significant 

Source: Field survey, 2020 

* P < 0.05 

 

Table 7: Summary of item-total PPMCC on Deforestation and Rural Poverty 

Variables Pearson r df T-cal T-crit  Prob>T Decision  

Deforestation (x) 

Rural Poverty (y) 

0.89 2 2.760 1.96 0.0002 Significant 

Source: Field survey, 2020 

* P < 0.05 

 

Discussion  

Table 4 revealed that no significant difference was observed between the responses of male and female respondents on forest 

deforestation. This finding also agreed with (FAO, 2015; Aguilar et al., 2011; Agarwal, 2009) who found that men control the most 

valuable forest resources such as timber while womenôs control of forest resources could centered on management, use of fuel-

wood and non-timber products. The finding was also in corroboration with Kiptot (2015) who asserted that womenôs forest 

livelihoods and employment depend on their access to and ownership of forest resources, which are mainly determined by laws 

and socio-cultural norms.  

Result in Table 6 showed a significant difference between the responses of the respondents based on their household incomes. The 

result showed that absolute value of F-Test computed was 301.26 (significant 0.0002) at .05 alpha level, this indicated a significant 

difference between the responses of the respondents based on their household incomes (F = 301.26 at p<0.05). This finding aligned 

with Ayinde et al. (2013) who reported a strong correlation between income and its capacity to acquire things that were associated 

with improved standard of living such as food, clothing, shelter, health care, education and recreation. The finding was also 
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consistent with Debela et al. (2012) who maintained that poor households could sell some of their assets such as NTFPs to wealthier 

households in order to generate income to meet basic household needs. Dewees (2013) concluded that NTFPs can increase 

household food security and income.  

 

Table 6 showed that deforestation contributes to decreased income of the rural households. The result showed that absolute value 

of Z-Test computed was 19.516 (significant 0.0002) at 0.05 level of significant, this indicated that deforestation contributes to 

decreased income of the rural households (Z = 19.516 at p<0.05). This implied that deforestation contributes to decreased income 

of the rural households. This finding was in line with Boafo (2013) who found a close relationship between deforestation, decreased 

incomes and poverty of rural households. This is because increased deforestation means loss of livelihood assets and outcomes. 

This finding aligned with Bosu et al. (2010) who maintained that forest loss could reduce forest communitiesô contributions to 

national economic growth and also threatens both the livelihoods and traditions of rural dwelling people.  

Table 7 showed that deforestation had significant relationship with rural poverty. The absolute value of T-test computed was 2.760 

(significant 0.0002) at 0.05 alpha level, this indicated that deforestation has significant relationship with rural poverty (T = 2.760, 

r = 0.89 at p<0.05). The finding was in harmony with FAO (2010) who found that NTFPs can address poverty for the marginalized, 

catchment forest dependent communities through contribution to livelihood outcomes (food security, health and wellbeing) and 

income. The survival of most households depend on their livelihoods (Chakrabarti, 2005).  

 

Conclusion and Recommendations 

Perceived challenges of deforestation among others include fo res t  c l ea r i n g  fo r  f a rm in g  p urp o se ,  logging of wood for 

timber and fuel wood, the consequences of deforestation are decreased rural household incomes, rural poverty among the villagers 

among others, there was no significant difference between the responses of male and female respondents, there was significant 

difference between the responses of the respondents based on their household incomes, deforestation contributes to decreased 

income of the rural households, and lastly deforestation has significant relationship with rural poverty. Finally, the findings of this 

study should be considered in the light of its further limitations apart from the ones highlighted in chapter one. Firstly, external 

validity was limited by the fact that selected participants were from one Local Government. This means that the result apply only 

to Yewa South Local Government Area of Ogun State.  

This study recommend that Logging plans should be adopted with ecological sound tree felling practices. The benefits such as 

economic, social, aesthetic and religious of forest people should be preserved. Consultation with the forest people by government 

agencies or forest resources exploiters should be done ï this is to know their socio-economic development need without assuming 

their needs. Government and logging companies should carry out reforestation exercises to replace extracted tree species in the 

forests. There should be a zero or light logging in the areas prone to erosion (slopes and stream edges) in the forest. 
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Abstract 

Production of progeny in the tropical rainforest starts with flower development, and different tree species have different sexual 

types and sexual systems. Pollination can occur either within a flower or between flowers of the same tree (cross-pollination) 

or flowers of different trees (cross-pollination). Mating among relatives results in the loss of heterozygosity that is reflected 

in phenotypic traits of adaptive or economic significance. However, some tree species have self-incompatibility systems. Out-

crossing, which is the movement of pollen from a tree to another tree, often results in increased genetic diversity. Thus, such 

species' capability for adaptation and survival under hazardous environmental conditions are improved. One major factor 

influencing intra and inter-population variation in forest trees is the sexual system. Unfortunately, this factor is usually 

neglected by researchers in Nigeria, yet information on the sexual system of forest trees is needed for sustainable management. 

Therefore, this review provides information on the sexual types and sexual systems found in forest trees. It also emphasizes 

the need for adequate knowledge of the sexual characteristics of individual trees in Nigeriaôs forest reserves to guarantee 

sustainable forest management 

 

Keywords: incompatibility system, forest trees, genetic diversity, sustainable forest management 

 

 

Introduction  

One major factor influencing intra and inter-population variation in forest trees is the sexual system. Unfortunately, this factor 

is usually neglected by researchers in Nigeria, yet information on the sexual system of forest trees is needed for sustainable 

management (Duminil et al. 2016). Progeny production in forest trees usually begins with bud formation and flower 

development. Flowers are reproductive structures in forest trees that facilitate reproduction through the union of pollen with 

ovules.  

Moon et al. (2013) revealed the sequential stages of flower development to include the early stage that permits the gametesô 

development through cell differentiation in inconspicuous bud. Flower formation was controlled by selector homeotic genes 

(Coen and Meyerowitz, 1991).   
Different tree species have different sexual types and sexual systems. According to Onokpise and Akinyele (2011), the type 

of gametes a tree produces is its sexual type of and fertilization can only occur when the stamen and pistil are mature. Since 

trees are immobile, mechanisms naturally put in place will depend on the flower morphology and structure. However, a tree 

could be zoochorus or anemochorous (Onokpise and Akinyele, 2011). Pollination can occur either within a flower or between 

flowers of the same tree (cross-pollination) or flowers of different trees (cross-pollination). Fertilization will occur when 

mature pollen is transferred to the stigma that is ready to receive it. However, when the pollen does not fall on the ready stigma, 

no seed will develop (Armbruster et al., 2014).  

Pollen exchange within the same tree or among related trees is referred to as selfing (Finkeldey and Hattemer, 2007). Selfing 

or inbreeding often leads to the loss of heterozygosity, which negatively impacts adaptive and economic traits. Survival, growth 

rate and stem straightness are some traits in forest trees that are negatively impacted by inbreeding; this negative impact is 

regarded as inbreeding depression (Finkeldey and Hattemer, 2007).  

The ability of tree species to survive in response to environmental changes is related to the genetic variability in that species 

(Lawal et al., 2019). The mating system has since been reported to have an important influence on the amount and distribution 

of gene difference within and among populations of tree species (Hamrick and Godt, 1989). To ensure intra-specific diversity 

of forest trees, forest managers must rely on information about the reproductive systems and mechanisms of trees (Doligez 

and Joly, 1997). Therefore, this review provides information on the sexual types and sexual systems found in forest trees. It 

also emphasizes the need for adequate knowledge of the sexual systems of individual trees in Nigeriaôs forest reserves to 

guarantee sustainable forest management. 

 

Sexual types in forest trees  

Finkeldey and Hattemer (2007) discovered that male and female gametes have to come together to produce the zygote. This 

zygote will then develop through mitosis into an embryo, seed, seedling, and finally, a mature tree that can produce a gamete. 

A tree sexual type could either be cosexual (female and male gametes are produced) or unisexual (female or male) or sterile 

(tree not capable of producing any functioning gametes) (Finkeldey and Hattemer, 2007). 

 

Sexual systems in forest trees 

As shown in Figure 1, sexual systems comprise gender expression and its occurrence at many levels, such as intra-floral, 

individual, population, or species levels (Cardoso, et al., 2018). A sexual system, according to Leonard (2019), is the pattern 

of distribution of male and female functions among individuals within a population or species. The reproductive feature of 

trees is a flower. It can either be unisexual, with just functional male (staminate flower) or female (pistillate flower) 

components, or bisexual, with both pistils (female organs) and stamens (male organs) (Finkeldey and Hattemer, 2007). 

A sexual system known as cosexuality is one in which members of a population only display bisexual blooms with functioning 

stamens and pistils in the same flower (Barrett and Hough, 2013). A population only displays unisexual (diclinous) blooms in 

a monoecious sexual system, in which the same individual produces both staminate and pistillate flowers (Kafer et al., 2017). 
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Individuals of a population with an andromonoecious sexual system display bisexual and staminate flowers, while those with 

a gynomonoecious sexual system have both bisexual and pistillate flowers (Jong et al., 2008). In a population, trimonoecy 

(polygamomonoecy) is characterized by the coexistence of bisexual, staminate, and pistillate flowers in the same individual 

(Torices et al., 2011). Individuals in the dioecy sexual system are completely unisexual, meaning that staminate and pistillate 

flowers are organized in various plants within a population (Barrett and Hough, 2013; Kafer et al., 2017). Androdioecy, which 

is connected to mutations that cause female sterility, is the coexistence of individuals with bisexual flowers and those who 

only have staminate flowers (Barrett and Hough, 2013; Kafer et al., 2017). Gynodioecy is the coexistence of individuals with 

pistillate flowers and those with bisexual flowers (Kafer et al., 2017). 

 

 
Figure 1: sexual systems that can be found in forest trees.  

 

Stamens and pistils are expressed respectively in blue and red shades (adapted from Cardoso et al., 2018). 

 

Table 1: Sexual system and sexual types of some trees in Nigeria 

S/N Sexual system Sexual types Examples 

1 Cosexuality  

(monoecy or hermaphrodic) 

f/m Albizia feruginea, Barteria fistulosa, Brachystegia 

enricoma, Chrysophyllum albidum, Mansonia 

altissima etc 

2 Dioecy f, m Diospyros barteri, Entandrophragma angolense, 

Khaya grandifolia 

3 Trioecy f, m, f/m Zanthoxylum zanthoxyloides  

4 Gynodioecy f, f/m Rhizophora mangle, Ficus species 

5 Androdioecy  m, f/m Bauhinia ungulate, Terminalia superb 

Sources: Finkeldey, 2005; Ugbogu et al., 2016; Guendehou et al., 2018)  

 

Cosexual and dioecious taxa  

Finkeldey and Hattemer (2007) made a distinction between two types of cosexuality: (i) hermaphroditic trees have complete 

blooms that produce both types of gametes in one flower; and (ii) monoecious trees produce both types of gametes but in 

different flowers. For hermaphroditic trees, Finkeldey and Hattemer (2007) made distinctions between several pollination 

types. They define autogamy as the fertilization of an ovule using pollen from the same flower, while geitonogamy refers to 

the fertilization of an ovule using pollen from a different flower. Allogamy includes both antogamy and geitonogamy, but 

xenogamy entails pollinating a separate tree and causes out-crossing.  

Mitchell and Diggle (2005) considered monoecy as a derived condition in angiosperm trees. According to Cardoso et al. 

(2018), the andromonoecy route hypothesis proposes that andromonoecy serves as a transitional stage between cosexuality 

and monoecy. This hypothesis, according to Jong et al. (2008), is supported by the idea that the existence of staminate blooms 

would make it easier for those bisexual plants to produce strictly pistillate flowers. The other pathway, which uses 

gynomonoecy as a transition stage, is seen as implausible because it calls for an enormous fruit to be produced by both bisexual 

and pistillate flowers (Cardoso et al., 2018). According to Weiblen et al. (2000), there are still a few instances where monoecy 

reverts to cosexuality. 

A tree that produces only one type of gamete is termed dioecious. They can either be male or female. According to Renner 

(2014), dioecious individuals make about 43% of angiosperm families. Ohya et al. (2017) highlighted some problems 

associated with the population growth of cosexual and dioecious taxa. According to them, the populations of coexisting 
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cosexual taxa may expand more quickly than those of dioecious plant species. Due to their inability to self-pollinate and need 

for a partner to reproduce, dioecious plants are more likely to experience problems with pollination (Xia et al., 2013, 

Schlessman et al., 2014). Although self-incompatible plants also need a partner to reproduce, all interplant pollinator 

movement may help produce seeds (Ohya et al., 2017). They mentioned that pollinator travel from male to female is necessary 

for seed formation, hence pollinator movement direction is crucial for dioecious plants. According to studies by Vamosi et al. 

(2006), De Jong et al. (2005), and Otero-Arnaiz and Oyama (2001), female dioecious trees produced more fruit when 

surrounded with males trees. 

Using mathematical models, Wilson and Harder (2003) investigated how dioecious and cosexual organisms competed for 

space. They demonstrated that sex differences increased plant variability in seed output and fertilization probabilities, and that 

reproductive uncertainty decreased the mean recruitment of dioecious species. 

 

Special adaptations for out-crossing in forest trees 

There have been several mechanisms identified that could prevent self-fertilization and promote outcrossing in flowering 

plants. Mechanisms separating the male and female functions, either in time (dichogamy) or in space (herkogamy), are among 

the most common (Armbruster et al., 2014 and Cardoso et al., 2018). 

Self-incompatibility (SI) or self-sterility (SS) in forest trees  

In self-incompatibility (SI) or self-sterility (SS), the pollen grain is unable to germinate on its stigma but will germinate on 

another flower of the same species. That is, when pollen grain produced in a tree with SI or SS reaches a stigma of the same 

tree, the process of pollen germination, pollen-tube growth, and embryo development will be inhibited, and consequently, 

no seeds will be produced (Cardoso et al., 2018). In this case, self-pollination becomes impossible. According to Wang et al. 

(2018), the self-incompatibility mechanism is based on protein-protein interactions and is managed by a single locus known 

as S, which contains a variety of alleles in the population of the species. The S-locus, according to Wang et al. (2018), has two 

fundamental protein-coding regions, one of which is expressed in the pistil (female determinant) and the other in the anther 

and/or pollen (male determinant). Due to their close proximity, S-haplotypes are genetically connected and passed down 

together (Wang et al (2018). Two proteins that are the translation products of the two regions of the S-locus interact with one 

another to stop pollen germination and/or pollen tube elongation, which triggers a SI response and prevents fertilization (Gibbs, 

2014). Nevertheless, there will be no self-incompatibility and fertilization will take place when a female determinant interacts 

with a male determinant of a different haplotype.  

 

Pollination is undoubtedly an important part of generative propagation, and the spread of plants is strongly related to pollinators 

and biodiversity (Yang et al., 2017). Finkeldey and Hattemer (2007) state that pre-fertilization mechanisms are considered 

incompatibility systems, and that cosexual species lacking incompatibility reactions frequently develop self-sterility systems 

that cause early termination of the embryo after fertilization. Mixed mating systems are common in seed plants (Goodwillie et 

al., 2005) because the ability to set seed after selfing is advantageous when mating partners or pollinators are scarce (Kalisz 

et al., 2004). According to estimates, 33% of plant species are intermediate between selfing and outcrossing, while 20% of 

plant species exhibit significant levels of selfing (Vogler and Kalisz, 2001). However, compared to outcrossed individuals, 

selfed individuals frequently have worse vegetative and reproductive fitness (i.e. inbreeding depression; Husband and 

Schemske, 1996). To prevent or limit self-fertilization in blooming plants, many mechanisms have been developed. 

 

Sexual system and forest management 

A forest is typically defined as "a land covering more than 0.5 hectares composed of trees with the ability to grow to a minimum 

height of 2 to 5 meters at maturity in situ and a canopy cover of more than 10%" (Ananta, 2020). Forests in Nigeria have been 

severely degraded and fragmented (Lawal and Adekunle, 2013). Intra-and inter-specific variation in forest trees could be linked 

to the ability of the forest manager to maintain the populations of trees with their sexual types and systems in a forest 

ecosystem.  

 

Selective logging of trees with superior characteristics, which is a common practice in Nigeria, has a negative influence as tree 

species with inferior characteristics would be left for reproduction (Lawal et al. (2019). Eckert et al. (2010) revealed that 

selective logging implies a reduction of "mate" (seed tree) densities, which in theory can affect plant reproductive success. 

Furthermore, a better knowledge of the sexual systems of forest trees will go a long way to sustain the population of dioecious 

species. For instance, where a forest reserve is dominated by dioecious species with a few of them producing female gametes, 

harvesting those female gamete-producing trees will negatively impact the successional status of such species, and a reduction 

in genetic diversity will result. De Jong et al. (2005) and Otero et al. (2001) found that female dioecious trees produced more 

fruit when adjacent males were present. According to Heilbuth et al. (2000), only 50% of the individuals in a population of 

dioecious species contribute to seed production, which limits their capacity to colonize deserted places. In dioecious tree 

species, seed dispersal was restricted to the area around female plants, resulting in a densely clumped distribution of seedlings, 

as discovered by Montesinos et al. (2007) and Nanami et al. (1999). These drawbacks, according to Baker (1995), would 

negatively impact the capacity of dioecious trees to colonize new areas. 

The majority of tropical tree species are hermophratic (Finkeldey and Hattemer, 2007). Due to the hermaphroditic nature of 

the majority of tropical forest trees, selfingðthe strongest form of inbreeding depression caused by antogamy and 

geitonogamyðis a possibility. Mechanisms that prevent selfing therefore provide a significant evolutionary advantage. 

According to Finkeldey and Hattemer (2007), the most crucial mechanisms before fertilization are incompatibility systems. 

Cosexual species without incompatibility reactions frequently evolve self-sterility systems, which leads to early termination 

of the embryo following fertilization. Many studies have been conducted in developed countries to estimate selfing rates in 

forest tree populations (Feres et al., 2012; Hamrick, 2011). But in Nigeria, studies on the incompatibility and self-sterility of 

hermaphroditic species are scarce. 
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Conclusion and recommendation 

There are various sexual systems in forest trees. The production of progenies through pollination depends on the availability 

of gametes. Hermaphrodite, monoecious, dioecious, trioecious, gynodioecious, or androdioecious trees can be found in the 

forest ecosystem. Some trees with both gametes may become self-sterile or develop incompatibility systems. Depending on 

the availability of mating partners and the pollination direction, forest trees will either outcross or self. Often, out-crossing, or 

the transfer of pollen from one tree to another, leads to an increase in genetic diversity. As a result, such species' adaptability 

potential and survival under perilous environmental conditions are enhanced. Many tree species in Nigeria are currently being 

threatened by extinction owing to unsustainable tree harvesting and conversion of forest estates to other land uses. A better 

knowledge of the sexual systems of individual trees in our forest reserves will help in sustainable forest management and 

increase the genetic diversity of tree species. Therefore, research to reveal the sexual system of the remnant trees in our forest 

reserves is recommended. 

 

References  

Ananta, R.B. (2020). Sustainable forest management resource book. WWF Nepal PO Box 7660 Baluwatar, Kathmandu, Nepal, 

40p. 

Armbruster, W.S., Corbet, S.A., Vey, A.J.M., Liu S. and Huang S. (2014). In the right place at the right time: Parnassia resolves 

the herkogamy dilemma by accurate repositioning of stamens and stigmas. Annals of Botany 113: 97-103. 

Baker, H. G. (1955). Self-compatibility and establishment after long-distanceò dispersal. Evolution, 9, 347ï349 

Barrett, S.C.H. and Hough, J. (2013). Sexual dimorphism in flowering plants. Journal of Experimental Botany 64: 67-82 

Cardoso, J.C.F., Viana, M.L., Matias, R., Furtado, M.T., Caetano, A.P.S., Consolaro, H. and Brito, V.L.G. (2018). Towards a 

unified terminology for angiosperm reproductive systems. Acta Botanica Brasilica - 32(3): 329-348. 

Coen, E.S. and  Meyerowitz, E.M. (1991). The war of the whorls: genetic interactions controlling flower development. 

Nature volume 353, 1ï37p 

De Jong, T.J., Batenburg, J.C., and Klinkhamer, P.G.L. (2005). Distance-dependent pollen limitation of seed set in some 

insect-pollinated dioecious plants. Acta Oecologica, 28 (3): 33-35 

Doligez, A. and Joly, H. (1991). Mating System of Carapa Procera (Meliaceae) In the French Guiana Tropical Forest. 

American Journal of Botany 84(4): 461ï470.  

Duminil, J., Mendene-Abessolo D.T., Ndiade-Bourobou D., Doucet J.L., Loo J., Hardy, O.J. (2016). High selfing rate, limited 

pollen dispersal and inbreeding depression in the emblematic African rain forest tree Baillonella toxisperma ï 

Management implications. Forest Ecology and Management. 379: 20ï29. 

Eckert, C.G., Kalisz, S., Geber, M.A., Sargent, R., Elle, E., Cheptou, P.O. et al. (2010). Plant mating systems in a changing 
world. Trends in Ecology & Evolution, 25, 35ï 43. 

Feres, J.M., Sebbenn, A.M., Guidugli, M.C., Mestriner, M.A., Moraes, M.L.T., Alzate-Marin A.L. (2012). Mating system 

parameters at hierarchical levels of fruits, individuals and populations in the Brazilian insect-pollinated tropical tree, 

Tabebuia roseo-alba (Bignoniaceae). Conserv Genet. 13:393ï405.  

Finkeldey R. and Hattemer H. H. (2007). Sexual and Asexual Reproduction in Tropical Forests. In: Tropical Forest Genetics. 

Tropical Forestry. Springer, Berlin, Heidelberg.  316pp 

Finkeldey, R. (2005). An introduction to tropical forest genetics. Institute of forest genetics and tree breeding, Georg-August 

University Gottingen, Germany. 199p. 

Goodwillie, C., Kalisz, S. and Eckert, C.G. (2005). The evolutionary enigma of mixed mating systems in plants: Occurrence, 

Theoretical Explanations, and Empirical Evidence. Annu. Rev. Ecol. Evol. Syst. 2005. 36:47ï79. 

Guendehou, F., Djossa, B. A. Kenou1 C. and Assogbadjo C.A.E. (2018). Review of Studies Onzanthoxylum Zanthoxyloids 

(Lam): Availability and Ethnomedical, Phytochemical, Pharmacological Uses. Scholars Journal of Research in 

Agriculture and Biology. Vol 3(3): 244-254. 

Hamrick, J.L. (2011). Mating system and pollen flow between remnant populations of the endangered tropical tree, Guaiacum 

sanctum (Zygophyllaceae). Conserv Genet. 12:175ï185 

Hamrick, J.L. and Godt, M.J.W. (1989). Allozyme diversity in plant species. In: Brown AHD, Clegg MT, Kahler AL and Weir 

BS (eds) Plant Population Genetics, Breeding and Genetic Resources. Sinauer, Sunderland, pp 43-63. 

Heilbuth, J. (2000). Lower species richness in dioecious clades. The American Naturalist 156: 221-241 

Husband, B.C., and Schemske, D.W. (1996). Evolution of the magnitude and timing of inbreeding depression in plants. 

Evolution, 50: 54ï70 

Jong, T.J., Shmida, A. and Thuijsma,n F. (2008). Sex allocation in plants and the evolution of monoecy. Evolutionary Ecology 

Research. 10: 1087-1109. 

Kafer, J., Marais, G.A. and Pannell, J.R. (2017). On the rarity of dioecy in flowering plants. Molecular Ecology 26: 1225-1241 

Kalisz, S., Vogler, D.W., and Hanley, K.M. (2004). Context-dependent autonomous self-fertilization yields reproductive 

assurance and mixed mating. Nature, 430: 884ï887. 

Lawal, A. and Adekunle, V.A.J. (2013).  A Silvicultural Approach to Volume Yield, Biodiversity and Soil Fertility Restoration 

of Degraded Natural Forest in South West Nigeria. International Journal of Biodiversity Science, Ecosystem Service 

and Management. 9 (3): 201-214. 

Lawal A., Adekunle V.A.J. and Onokpise O.U. (2019): Phytotherapy and Polycyclic Logging: Implication on Genetic 

Multiplicity and Diversity of African Mahogany in Tropical Rainforest. Not Sci Biol. 11(1):21-25 

Leonard, J.L. (2019). Hermaphrodite Mating Systems. In: Choe, J.C. (Ed.), Encyclopedia of Animal Behavior, (2nd ed.). vol. 

4, pp. 584ï590. Elsevier, Academic Press. 

Luo, Y. and Widmer, A. (2013). Herkogamy and its effects on mating patterns in Arabidopsis thaliana. PLOS ONE 8: e57902. 

Mitchell, C.H. and Diggle, P.K. (2005). The evolution of unisexual flowers: morphological and functional convergence results 

from diverse developmental transitions. American Journal of Botany 92: 1068- 1076. 

https://www.nature.com/articles/353031a0#auth-Enrico_S_-Coen
https://www.nature.com/articles/353031a0#auth-Elliot_M_-Meyerowitz


                      Sexual System Polymorphism in Forest Trees: ééééééLawal 

23 

 

Montesinos, D., Verdu, M. and García-Fayos, P. (2007). Moms are better nurses than dads: Gender-biased self-facilitation in 

a dioecious Juniperus tree. Journal of Vegetation Science, 18, 271ï280. 

Moon, J., Skibbe, D., Timofejeva, L., Wang, C.J., Kelliher, T., Kremling, K., Walbot, V. and Cande, W.Z. (2013). Regulation 

of cell divisions and differentiation by MALE STERILITY32 is required for anther development in maize. Plant J. 

76(4):592-602. 

Nanami, S., Kawaguchi, H. and Yamakura, T. (1999). Dioecy-induced spatial patterns of two codominant tree species, 

Podocarpus nagi and Neolitsea aciculata. Journal of Ecology, 87, 678ï687. 

Ohya, I., Nanami,S. and Itoh, A. (2017). Dioecious plants are more precocious than cosexual plants: A comparative study of 

relative sizes at the onset of sexual reproduction in woody species. Ecology and Evolution. 7:5660ï5668. 

Onoklise, O.U. and Akinyele, A.O. (2011). Gene flow conservation in tropical forests of sub-saharan Africa: implication for 

tree improvement and gene conservation. Lambert academic publishing, Germany. 84p 

Otero-Arnaiz, A., and Oyama, K. (2001). Reproductive phenology, seedset and pollination in Chamaedorea alternans, an 

understorey dioecious palm in a rain forest in Mexico. Journal of Tropical Ecology, 17, 745ï754. 

Renner, S.S. (2014). The relative and absolute frequencies of angiosperm sexual systems: Dioecy, monoecy, gynodioecy, and 

an updated online database. American Journal of Botany, 101, 1588ï1596 

Schlessman, M.A., Vary, L.B., Munzinger, J. and Lowry, P.P. (2014). Incidence, correlates, and origins of dioecy in the island 

flora of New Caledonia. International Journal of Plant Sciences, 175, 271ï286. 

Torices, R., Mendez, M. and Gomez, J.M. (2011). Where do monomorphic sexual systems fit in the evolution of dioecy? 

Insights from the largest family of angiosperms. New Phytologist. 190: 234-248. 

Ugbogu, O.A., Olowokudejo, J.D. and Ogundipe, O.T. (2016). Leaf epidermal morphology of Diospyros (Ebenaceae) in 

Nigeria. Phytologia balcanica 22(3): 377ï385 

Vamosi, J.C., Vamosi, S.M., and Barrett, S.C.H. (2006). Sex in advertising: Dioecy alters the net benefits of attractiveness in 

Sagittaria latifolia (Alismataceae). Proceedings of the Royal Society B, 273, 2401ï2407. 

Vogler, D.W., Kalisz, S. (2001). Sex among the flowers: the distribution of plant mating systems. Evolution 55:202ï4. 

Wang, L., Lin, Z., Trivino, M., Nowack, M.K., Franklin-Tong, V.E. and Bosch, M. (2018). Self-incompatibility 

in Papaver pollen: programmed cell death in an acidic environment. J. Exp. Bot. 70, 2113ï2123. 

Weiblen, G.D., Oyama, R.K. and Donoghue, M.J. (2000). Phylogenetic analysis of dioecy in monocotyledons. The American 

Naturalist. 155: 46-58. 

Wilson, W. G. and Harder, L. D. (2003). Reproductive uncertainty and the relative competitiveness of simultaneous 

hermaphroditism versus dioecy. American Naturalist, 162, 220ï241 

Xia, J., Lu, J., Wang, Z.X., Hao, B.B., Wang, H.B., and Liu, G.H. (2013). Pollen limitation and Allee effect related to 

population size and sex ratio in the endangered Ottelia acuminata (Hydrocharitaceae): Implications for conservation 

and reintroduction. Plant Biology, 15, 376ï383. 

Yang, H.B., Zhang, R., Song, P. and Zhou, Z.C. (2017). The floral biology, breeding system and pollination efficiency 

of Schima superba Gardn. Et Champ. Forests. 2017;8:1-12. 

Pacini, E. and Dolferus, R. (2019). Pollen Developmental Arrest: Maintaining Pollen Fertility in a World With a Changing 

Climate. Front Plant Sci. p1-15 

Ferrer MM, Good SV. (2012). Self-sterility in flowering plants: preventing self-fertilization increases family diversification 

rates. Ann Bot.;110(3):535-53.  

Gibbs PE. 2014. Late-acting self-incompatibility - the pariah breeding system in flowering plants. New Phytologist 203: 717-

734 

 

 



Species diversity and public perceptions of urban  éééé.. Moshood et al 

24 

 

SPECIES DIVERSITY AND PUBLIC PERCEPTIONS OF URBAN           

TREES IN ILORIN METROPOLIS, KWARA STATE, NIGERIA  

 
1 Moshood, F.J.*, 2 Muhali, M.O. and 1,3 Ngwuli, C.P. 

1 Department of Forest Production and Products, University of Ibadan, Ibadan, Nigeria 
2 Department of Forest Resources Management, University of Ilorin, Ilorin, Nigeria 

3 Department of Forestry and Environmental Management, Michael Okpara University of Agriculture, Umudike, Nigeria 

* Corresponding author: moshoodfarhan@gmail.com 

  

Abstract 

Urban trees are part of the human environment; they provide direct, indirect, tangible, and intangible ecosystem services. 

This study was designed to investigate species diversity and public perception of urban trees in Ilorin metropolis, Kwara State, 

Nigeria. A systematic sampling technique was used to select road networks and houses with trees for enumeration. 

Socioeconomic data were obtained from 400 randomly selected respondents drawn among students, traders, government 

workers and marketers. Data were obtained using a structured questionnaire, interview schedule and personal discussions. 

Eighty-six (86) tree species belonging to 23 families were encountered in the study area. Polyalthia longifolia was the most 

occurring species, with a frequency of 271 and a relative frequency of 8.40%. The least occurring species were Ceiba pentadra, 

Ficus carica, and Strychnos spinosa, with frequency and relative frequency of 2 and 0.06% each. The values of Shannon-

Wiener and Margalef indices were 3.88 and 10.52, respectively. Majority of the respondents noted that trees beautify the 

environment, provide shades and help mitigate environmental pollution. On the other hand, the majority also stated that 

branches of trees litter the environment, and trees reduce visibility on roadsides. The study concludes that the diversity and 

richness of urban trees was relatively high compared to some urban forests in Nigeria and there was a heightened awareness 

of the benefits and threats of urban trees in Ilorin metropolis. It recommends that the state government establishes a committee 

that will look into the conservation and management of urban trees.  

 

Keywords: Urban trees, ecosystem services, Shannon-Wiener diversity index, Margalef index, environmental pollution 

 

 

Introduction  

Urban forests are ecosystems characterized by trees and other vegetation associated with human developments. They include 

all publicly and privately owned trees within an urban area, including individual trees along streets and backyards and stands 

of the remnant forest (Nowak et al., 2001). They are composed of parks, street trees, gardens, river and coastal promenades, 

greenways, nature preserves, boulevard plantings, and many more (Eckart, 2018).  

Urban forests have been regarded as essential elements for improving the green infrastructure network in the urban landscape 

(Riitters et al., 2012). They have become a concomitant aspect of the human environment, generating essential ecosystem 

services. Ecosystem services are the direct and indirect, tangible and intangible benefits people derive from the ecosystem. 

According to the Millennium Ecosystem Assessment (MEA, 2005), the ecosystem services are provisioning, regulating, 

supporting, and cultural services. Hence, urban forests help offset carbon emissions, remove air pollutants, control the 

microenvironment and mitigate climate change, among other functions (Fuwape and Onyekwelu, 2011).   

Urban centres are fast-growing in Nigeria as a result of rural-urban migration. For instance, it was estimated that 43.48% of 

Nigerians lived in urban areas in 2010, 47.84% in 2015, and 51.96% in 2020 (www.statista.com). This development pattern 

has resulted in the destruction of urban forests and the development of social amenities, making the urban centres attractive 

for high migration potentials (Agbelade et al., 2016b).   

Since urban forests are gradually declining and the quality of life in urban areas are greatly influenced by the amount and 

quality of their green spaces (Popoola and Ajewole, 2001), it is essential to encourage the people to be involved in their 

rejuvenation. Therefore, it is necessary to understand the public's shared beliefs and attitudes toward trees that promote their 

care, management, and protection (Faleyimu, 2014). 

 

Materials and methods 

Study Area 

The study was carried out in Ilorin, the capital of Kwara State (Figure 1). It lies within latitude 08Á26ǋ237ǌ - 08Á31ǋ267ǌ N and 

longitude 04Á30ǋ02ǌ - 04Á33ǋ77ǌ E of the equator. It is situated within the North central geopolitical zone and Nigeria's Guinea 

savanna ecological region. The three major Local Government Areas that form Ilorin are; Ilorin East, Ilorin South, and Ilorin 

West. The 2006 National Population Census gives the population as 777, 667 with an annual population change of about 3% 

(NPC, 2006). Ilorin has a tropical climate with dry and wet seasons. The annual rainfall varies from 1000 mm to 1500 mm, 

with its peak occurring between September and early October; the temperature ranges from 33 º to 35 ºC between November 

to January and 34 º to 37 ºC from February to April (Ahmed, 2008; Ajadi et al., 2016). 

 

mailto:moshoodfarhan@gmail.com


Species diversity and public perceptions of urban  éééé.. Moshood et al 

25 

 

 
Figure 1: Map of Ilorin metropolis (inset: Map of Nigeria showing Kwara State) 

 

Data Collection 

The study purposively selected Ilorin as the study area. Data collection for the study consisted of two parts: (1) a botanical 

survey based on tree species enumeration and (2) a socioeconomic survey based on questionnaire, interview schedule and 

personal discussions. The data for tree species enumeration were collected from the central districts covering approximately 

one-fifth (20%) of the urban areas (Agbelade and Onyekwelu, 2020). The areas covered were: Irewolede (New Yidi Road), 

Asadam, Taiwo, Muritala Mohammed way, Offa Garage, Ahmadu Bello way, Fate, Tanke, Gaa Akanbi, Sawmill, Adewole, 

Olohunsogo, Kwara Polytechnic campus, Kwara State College of Education campus, and University of Ilorin campus. The 

enumeration was done using a systematic sampling to select road networks and houses with trees in the central districts of 

Ilorin. The service of an experienced taxonomist was employed to identify trees to species level. Socioeconomic survey was 

employed to collect data on public perception of urban trees in Ilorin metropolis through the use of structured questionnaire 

administered to four hundred (400) randomly selected respondents. The respondents were drawn among students, traders, 

government workers and marketers. Interviews and personal discussions were used to support the questionnaire. The questions 

focused on the demography of the respondents, perception statements using a five-scale Likert, and perception questions with 

a yes or no response.  

 

Data Analysis  

Tree species relative frequency was calculated using: 

RF (%) = 
   

   
ρππȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȣȣȣȣȣȣȣȣ ) 

Tree species diversity index was computed using the Shannon-Wiener diversity index: 

Ὄ ὖὭὍὲὖὭȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȣȢς 

Where Pi = , n = number of individual species, N = total number of tree species, and In = natural logarithm 

Tree species richness in the area was computed using Margalef index of species richness: 

Ὠ
Ὓ

Ѝὔ
ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȣȣȣȣ σ 

Where S = the number of species encountered and N = the total number of individuals of all the tree species in the area. 

The Likert scale on perception statements was ranked as: Strongly Agreed (5), Agree (4), Undecided (3), Disagree (2), and 

Strongly Disagree (1).  

Microsoft Excel 2016 and Paleontological Statistic (PAST 4.03) were used to enter, clean, and analyze the data. Data were 

analyzed and summarized using descriptive statistics such as frequency and percentage. 
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Results and discussion 

Urban Trees Composition in Ilorin Metropolis  

A total of 86 tree species belonging to 23 families were encountered in the area. Polyalthia longifolia was the most occurring 

species, with a frequency of 271 and a relative frequency of 8.40%. The least occurring species were Ceiba pentadra, Ficus 

carica, and Strychnos spinosa with frequency and relative frequency of 2 and 0.06% each (Table 1; Figure 2). The species 

diversity (ShannonWiener) and richness (Margalef) indices for the area were 3.88 and 10.52, respectively (Table 2).   

The knowledge of species diversity and composition is vital in comparing the composition of different species (Naidu and 

Kumar, 2016). Biodiversity assessment in any ecosystem is useful because it indicates the ecological functioning and 

processes. The Shannon-Wiener diversity index was higher than 3.56 in Abuja urban forests, 3.08 in Minna urban forests 

(Agbelade et al., 2016a), 3.35 in Ibadan metropolis (Agbelade et al., 2016b) and 3.39 for Port Harcourt urban forests (Agbelade 

and Onyekwelu, 2020).  It was also higher compared with the findings in some natural forests, where 3.54 was obtained in Old 

Oyo National Park (Adeyemi and Taofeek, 2020) and 3.74 for Akure Strict Nature Reserve (Adekunle et al., 2013). This could 

be attributed to factors such as socioeconomic conditions, government policy, increased awareness, and perhaps fewer 

developmental projects that may cause the removal of many tree species. Higher species diversity is expected to contribute to 

the greenness of the city and help sequester more carbon which will largely influence the atmospheric condition. Fabaceae 

was the most dominant family in the study area. This agrees with Iheyen et al. (2009), Ogwu et al. (2016) and Moshood et al. 

(2022). Members of the Fabaceae family largely disperse their seed by the wind. However, the poor representation of some 

families may be attributed to edaphic and climatic conditions not suitable for the growth of those species or anthropogenic 

activities such as the construction and expansion of roads. 

 

Table 1: Tree species composition in Ilorin metropolis 

Tree Species  Family Frequency Rel. Freq 

 Acacia auriculiformis   A.Cunn. Ex Benth.                                                         Fabaceae 12 0.37 

Acacia nilotica (L) Willd. Ex Delile                                             Fabaceae 6 0.19 

Acacia polycantha (willd.) Seigler & Ebinger                                        Fabaceae 16 0.50 

Acacia senegalensis (L). Brittton                                               Fabaceae 5 0.16 

 Adansonia digitata      L                                      Malvaceae 30 0.93 

Afezelia africana SM                                  Fabaceae 7 0.22 

Albizia coriaria Welwex Oliv Fabaceae 32 0.99 

Albizia lebbeck (Lam) Benth. Fabaceae 79 2.45 

Abizia zygia (D.C.) JFMacbride Fabaceae 43 1.33 

Anacardium occidentale L Anacardiaceae 78 2.42 

Annoigeissus leocarpus (DC.) Guill. &Perr Combretaceae 56 1.74 

Annona senegalensis   Pers Annonaceae 8 0.25 

Annona muricata       L Annonaceae 87 2.70 

Anthocliesta djalonensis A.Chev Loganiaceae 5 0.16 

Anthocliesta nobilis G.Don Gentianaceae 6 0.19 

Atrocarpus altilis (Parkinson)Fosberg Moraceae 5 0.16 

Azadirachta indica A. Juss Meliaceae 205 6.36 

Blighia sapida K.D.Koenig Sapindaceae 132 4.09 

Bridelia ferruginea Benth Euphorbiaceae 18 0.56 

Burkea africana Hook Fabaceae 6 0.19 

Butea superba (Lam.) Taub. Fabaceae 9 0.28 

Bombax constratum  Bombacaceae 4 0.12 
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Tree Species  Family Frequency Rel. Freq 

Buhienia veriegata Fabaceae 10 0.31 

Calotropis procera (Aiton) Ait.f  Gentianaceae 11 0.34 

Cassia fistula Linn Fabaceae 48 1.49 

Casuarina equisetifolia L Casuarinaceae 9 0.28 

Cedrela odorata L  Meliaceae 23 0.71 

Ceiba pentadra L Malvaceae 2 0.06 

Cocos nucifera L Arecaceae 22 0.68 

Combretum molle R.Br. ex G.Don Combretaceae 16 0.50 

Crescentia cujete L Bignoniaceae 6 0.19 

Croton gratissimus Burch.var Euphorbiaceae 4 0.12 

Dalbergia latifolia Roxb. Fabaceae 8 0.25 

Daniella oliveri (Rolf) Hutch & Dalz Fabaceae 62 1.92 

Delonix regia (Hook) Raf. Fabaceae 6 0.19 

Detarium microcarpum Fabaceae 29 0.90 

Erythrina senegalensis Dc Fabaceae 62 1.92 

Erythrina sigmoidea Hua Fabaceae 18 0.56 

Eucalyptus camadalensis Dehn Myrtaceae 62 1.92 

Eucalyptus citrodora Hook. Myrtaceae 60 1.86 

Eucalyptus toreliana F. Muell Myrtaceae 12 0.37 

Ficus benjamina L Moraceae 39 1.21 

Ficus carica L Moraceae 2 0.06 

Ficus capensis Thunb Moraceae 5 0.16 

Ficus exasperate Vahl Moraceae 37 1.15 

Ficus macrophylla Desf. ex Pers Moraceae 69 2.14 

Ficus microcarpa L. Fil Moraceae 187 5.80 

Ficus mucoso Welw ex Ficalho Moraceae 73 2.26 

Ficus sur Forssk. Moraceae 4 0.12 

Ficus sycomorous L Moraceae 29 0.90 

Ficus thoningii L Moraceae 34 1.05 

Gmelina arborea Roxb Lamiaceae 81 2.51 

Gliricidia sepium (Jacq.) Walp Fabaceae 13 0.40 

Hildegardia barteri (Mast.) Kosterm. Malvaceae 7 0.22 

Hura crepitans L. Euphorbiaceae 12 0.37 

Khaya grandifoliola C. DC. Meliaceae 6 0.19 
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Tree Species  Family Frequency Rel. Freq 

Khaya senegalensis (Desr) A. Juss Meliaceae 32 0.99 

Kigelia Africana (Lam.) Benth Bignoniaceae 6 0.19 

Lannea acida A. Rich Anacardiaceae 11 0.34 

Lannea barteri (Oliv) England Anacardiaceae 21 0.65 

Leucena leucocephala (Lam.) de wit Fabaceae 62 1.92 

Mangifera indica L Anacardiaceae 89 2.76 

Millieta thonningii. (Schumach.) Baker Fabaceae 3 0.09 

Newbouldia laevis (P. Beauv) Bignoniaceae 22 0.68 

Nuclear latifolia. Sm Rubiaceae 9 0.28 

Parinari polyandra. Aubl Chrysobalanceae 71 2.20 

Parkia biglobosa (Jacq)R. Br ex G.Don Fabaceae 66 2.05 

piliostigma thonningii. (Shcum) Milne-Redh Fabaceae 38 1.18 

Plumeria alba L Apocyanaceae 23 0.71 

Polyalthia longifolia (Sonn.) Thwaites Annonaceae 271 8.40 

Prosopsis africana (Guill & Perr) Taub. Fabaceae 17 0.53 

Pterocarpus erinaceus Poir. Fabaceae 5 0.16 

Roystonea regia (H. B. K) F. cook Arecaceae 45 1.40 

Senna siamea (Lam) Irwin & Barneby Fabaceae 38 1.18 

Securidaca longepedunculata. Fresen Polygalaceae 4 0.12 

Spathodea campanulata P. Beauv. Bignoniaceae 16 0.50 

Spondias mombin.L Anacardiaceae 32 0.99 

Sterculia setigera. Delile  Sterculiaceae 12 0.37 

Strychnos spinosa. Lam  Loganiaceae 2 0.06 

Tectona grandis Linn. F. Lamiaceae 44 1.36 

Terminalia catappa L Combretaceae 110 3.41 

Terminalia mantaly H. Perrier Combretaceae 164 5.09 

Terminalia glaucescens. Planch. Ex Benth Combretaceae 11 0.34 

Vitellaria paradoxa C.F Gaertn. Sapindaceae 43 1.33 

Vitex doniana L. Lamiaceae 35 1.09 

Ziziphus abyssinica Hochst.ex A. Rich  Rhamnaceae 6 0.19 

TOTAL   3225 100.00 
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Table 2: Results for Shannon-Wienner and Margalef indices in Ilorin metropolis 

S/N Indices Value 

1 Shannon-Wiener Index of Diversity 3.88 

2 Margalef Index of Species Richness 10.52 

 

Demographic Information of Respondents in Ilorin Metropolis 

Table 3 presents the demographic information of respondents in the study area. The most of the respondents (75.50%) were 

within the age bracket of 20-30, while the a few (2.0%) were above sixty years of age (>60). Age classes of 31-40, 41-50, and 

51-60 represented 15.0%, 4.5%, and 3.0% of respondents, respectively. The results also show that most of the respondents 

were male (70.0%), 71.25% were single, and 75.25% practiced Islam. It was further showed that large number of respondents 

(77.0%) had tertiary education.  Some (20.25%) and a few (2.75%) had secondary and primary education, respectively. Two 

hundred and fifty-seven (257), which represents about 64.25%, were students, 28 (7.0%) were private workers, 82 (20.50%) 

were government workers, 8 (2.0%) were self-employed, and 25 of them, representing 6.25%, were unemployed.   

Given that majority of the respondents were within the age bracket 20-30 disagrees with the findings of Faleyimu and 

Akinyemi (2014), who observed that most of the respondents in Okitipupa, Ondo State were within the age bracket of 31-40 

and had a mean age of 47 years. This is a good indication that most of the respondents were within their productive period and 

could actively participate should any green programme initiative be introduced in Ilorin metropolis. The level of literacy in 

the study area was relatively high, which indicates social stability and is fundamental to growth and development. The high 

literacy level could be attributed to the respondents' awareness of urban forests. According to Etim et al. (2012), sensitization 

and enlightenment programmes will thrive due to high student population indicates that sensitization will be easy provided 

that proper enlightenment is conducted in schools, and by extension, the students will willingly extend the knowledge to their 

peer and relatives. 

 

Perception of Respondents on Urban Trees in Ilorin Metropolis 

Respondents' perception of urban trees in Ilorin metropolis was accessed by requesting them to respond to some statements 

(Figure 3) and answer yes or no to others (Table 4). Most (80%) and few (20%) of the respondents strongly agreed and agreed, 

respectively, to the fact that urban trees beautify the environment. On the provision of shades by trees, some (65.25%) of the 

respondents strongly agreed that trees provide shades better than other things, while few (1.5%) strongly disagreed. Some of 

the respondents (62.5%) strongly agreed that trees help mitigate environmental pollution, and about a few (12.5%) disagreed 

that trees reduce visibility on roadsides. The most agreed that branches and leaves of trees litter the environment, while a few 

(2%) were undecided. The results further showed that most of the respondents (87.5%) knew of the term "urban forests," while 

almost all (99.0%) loved trees around them. However, 90.5% of the respondents were not satisfied with the number of trees in 

their surroundings, further corroborating the majority (97.5%) who showed interest in planting trees in their surroundings. 

When asked whether or not the government should introduce a new policy banning indiscriminate felling of urban trees in 

Ilorin, three hundred and sixty-nine (369) of the respondents, equivalent to 92.25%, said yes, while the rest (31 respondents, 

7.75%) said no.  

Urban forests, like natural forest ecosystems, provide a host of ecosystem services to mankind. The benefits may be tangible 

or intangible. On the other hand, they pose some dangers to the environment, especially when they are not adequately managed. 

According to Ajewole et al. (2013), some of the common challenges associated with trees are branch and root conflicts with 

infrastructure and site use and accidental tree fall. It is worthy to note that the respondents were largely aware of urban forestry, 

environmental services provided by trees, and some of the threats associated with urban forests in Ilorin metropolis. This could 

be explained by the high literacy level and the fact that most of the respondents were students who might have come across 

those terms at one point or the other, especially in recent times where virtually every literate has access to the internet. This is 

similar to the results obtained by Etim et al. (2012) in Maiduguri, Borno State. 
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Table 3: Demographic characteristics of respondents in Ilorin metropolis 

Variable Category Frequency Percentage (%) 

Age  

20-30  

 

302 

 

75.50 

 31-40 60 15.00 

 41-50 18 4.50 

 51-60 12 3.00 

 >60 8 2.00 

Gender    

 Male 280 70.00 

 Female 120 30.00 

Marital status    

 Married 110 27.50 

 Single 285 71.25 

 Divorced 4 1.00 

 Widowed  1 0.25 

Religion    

 Islam 301 75.25 

 Christianity 97 24.25 

 Others 2 0.50 

Education    

 No formal 0 0.00 

 Primary 11 2.75 

 Secondary 81 20.25 

 Tertiary 308 77.00 

Employment    

 Unemployed 25 6.25 

 Self employed 8 2.00 

 Government worker 82 20.50 

 Private worker 28 7.00 

 Student 257 64.25 

 

 

 
 

Figure 2: Peoples' perception of urban trees in Ilorin metropolis 
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Table 4: Respondents' perception of urban trees in Ilorin metropolis 

Questions YES NO 

 Frequency (%) Frequency (%) 

Are you aware of the term "urban trees"? 350 87.50 50 12.50 

Do you love trees around you? 398 99.50 2 0.50 

Are you willing to plant trees in your environment? 390 97.50 10 2.50 

Are you willing to participate in a tree planting exercise? 356 89.00 44 11.00 

Are you satisfied with the present number of trees in your environment? 38 9.50 362 90.50 

Should the government bring up a policy to ban the indiscriminate removal of 

trees in Ilorin? 

369 92.25 31 7.75 

 

Conclusion and recommendation 

The diversity and richness of urban trees in Ilorin metropolis was relatively high compared to some urban forests in Nigeria. 

People's perceptions of urban forests in the study area was relatively high compared to other urban centres. The species 

diversity was higher than in some of the cities in Nigeria, which shows a positive conservation effort. It is praiseworthy that 

most of the respondents were familiar with the term "urban forest" and were aware of the benefits and threats of urban trees. 

Hence, the state government and other environmental Non-Governmental Organizations (NGOs) should intensify their efforts 

in managing and conserving the urban trees in Ilorin metropolis.  

The study, therefore, recommends that:  

(i) the state government should establish a tree management committee that will look into the conservation and management 

of urban trees in Ilorin metropolis; 

(ii) campaigns and awareness on the importance of tree planting should be taken to the doorsteps of people, and more emphasis 

should be laid on tree planting in media houses; 

(iii) policies prohibiting indiscriminate removal of trees should be put in place; 

(iv) inventory of trees should be done at reasonable intervals to note the local status of each tree species. 
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Abstract 

The study examined the effects of banditry activities on forest ecosystems and the host communities in the northeastern region of 

Benue State, Nigeria. It aims to identify the effects of banditry activities on forest ecosystems for effective prevention. Three forest 

reserves (Ikyo-Nyian, Ukamberagya, and Gundu-Chaha from Katsina Ala, Logo, and Ukum local government areas respectively) 

were purposely selected for the study. A total of 385 respondents from forest-dependent communities adjacent to these forests were 

sampled based on the Cochran sampling method. Descriptive statistics, a Likert scale, and Spearman correlation were used to 

analyze the data. Based on this finding, the majority of the respondents (57.92%) were male farmers who are mostly young and 

agile. Majority (55.84%) of the respondents significantly (p = 4.56) perceived that bandits use forest estates as major hideout 

areas. Bandits clash with security agencies in the forest, as significantly (p = 3.84) perceived by most of the respondents (78.18%). 

Their activities result in biodiversity destruction, degradation, and disturbance. This significantly (p = 4.28), affects the extraction, 

distribution, and consumption of forest resources and livelihood activities, thereby affecting other ecological, social, and economic 

activities. The correlation test showed a significant (p = 0.05) positive correlation (between 0.738 and 0.949) between forest 

ecosystems as banditry hideouts and all the identified ecological and socio-economic implications in the area. There is a need to 

equip and deploy active security agencies in affected areas for effective prevention, coupled with the provision of more basic 

infrastructure and amenities, to restore normalcy in the area. 

 

Keywords:  Banditry, Biodiversity, Ecosystem, Forests, Livelihood. 

 

 

Introduction  

Many rural people depend predominantly on forests and forest resources for food, clothing, housing, medicine, art and crafts, oil, 

agricultural implements and a host of other requirements (Neelo et al., 2015). Guinea savanna natural ecosystems constitute a main 

source of biodiversity. These species play an important role in the survival of man on earth, thereby providing an array of timber 

and non-timber forest products (NTFPs) that are significant in sustaining the overall socio-economic wellbeing of humans (Meer, 

2018). Forest products have been used by human beings over time for various purposes, such as food, fodder, fiber, traditional 

medicine, agricultural amenities, domestic materials, construction materials, and many of these reasons are associated with cultures 

(Talukdar et al., 2020). People are depending upon natural resources to meet a large number of their basic necessities of life. 

Considering the variability and diverse nature of the NTFPs, a lot of households are able to meet their immediate needs by collecting 

NTFPs from the forest, while others earn income to meet other needs through the marketing of NTFPs harvested (Abubabkar and 

Dau, 2019). Rural communities rely heavily on NTFPs as a means of generating income, sources of food and medicine, thereby 

reducing the poverty level of their people; hence, NTFPs play a vital role in Nigeria (Abubabkar and Dau, 2019). Rural households 

spend income realized from NTFPs to buy food to maintain their families, hence dependence upon several combined and seasonal 

activities of NTFPs as the only one-way sure way to ensure household food security (Dau and Elisha, 2013). The types of resources 

and utilization patterns vary by ecological zone and socio-cultural area. Due to high prevalence rate of banditry in the study area, 

it is generally believed that, ñforest estates have been a suitable hideout for different unlawful activities by different people which 

is tagged as óbanditryô.  

 

Banditry is an act of robbery and violence committed in areas where the rule of law has broken down (Ladan and Matawalli, 2020). 

It consists of the organization of armed bands for the purpose of attacking social institutions, enterprises, community, or individuals. 

Participation in such bands and in the attacks committed by them is equally regarded as banditry (Collins, 2000). Large forested 

areas allowed for concealment and the formation of camps in the forest by bandits. According to Brenner (2021), vast areas of 

unregulated forests allow for easy concealment, and security forces have difficulty penetrating the rough terrain of the forests. 

These effects could have a critical influence on the forest ecosystems and socio-economic stability of rural communities and 

national development. The invasion of forest ecosystems by bandits is restricting the free access and use of these products. The 

activities of the bandits have resulted in unimaginable destruction of lives and properties, including biodiversity, displacement of 

many forest-dependent communities and a growing number of widows, widowers and orphans, who now reside in internally 

displaced persons (IDP) camps following the continued attacks across different areas in Sankera axis (north-east ecological zone) 

of Benue State. This necessitates the need to assess the effects of banditry activities on forest ecosystems and the host communities 

in the study area. Thus, this study aims to identify the nature and patterns of banditry activities, to determine the consequences of 
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banditry activities on forest ecosystems, and to examine the ecological and socio-economic implications of banditry activities on 

forest-dependent communities for effective prevention or control of banditry activities in the study area. 

 

MATERIALS AND METHODS  

Study Area 

The North-east ecological zone of Benue State is made up of Sankera and Kwande sub-political blocks located in the north-eastern 

part of Benue State, Nigeria. Sankera axis comprises of Katsina Ala, Logo, and Ukum local government areas (LGAs). It lies 

between latitude 60 30' to 70 40ô north and longitude 90 4' to 90 30ô east (Figure 1). Sankera axis shares its north and east boundaries 

with Nasarawa and Taraba States, respectively. It is also bordered on the south-east by Kwande and Ushongo local government 

areas and on the south-west by Buruku and Guma local government areas of Benue State. It has a total land area of approximately 

5,324 km2 (IamBenue, 2018). Sankera axis of Benue State is characterized by two (2) seasons: warm-wet and cold-dry. The warm-

wet season lasts from April to October, while the dry season begins in November and ends in March. The annual rainfall ranges 

from 1,200 mm to 1,500 mm (Ani et al., 2014). The temperature is generally high, ranging from 220 C to 300 C in the rainy season 

(Kakwagh, 2018; Ani et al., 2014). According to the National Population Census (NPC, 2006), the population of Sankera was 

estimated to be 610, 711 with Katsina Ala LGA (224,718), Logo LGA (169,063), and Ukum LGA (216,930). 

 

 
Figure 1: Map of Benue state showing the study area  

Source: IamBenue (2018). 

 

Data Collection and Analyses  

The study area was stratified into Katsina Ala, Logo, and Ukum Local Government Areas (LGAs). A purposive sampling technique 

was employed to select one (1) major forest (community forest or forest reserve) each from Katsina Ala LGA (Ikyo Nyian forest), 

Logo LGA (Ukamberagya forest) and Ukum LGA (Gundu-Chaha forest reserve). Forest-dependent communities adjacent to the 

sampled forests were sampled based on their high tendency to depend on forests and their resources in the study area. Sample size 

of 385 respondents who depend on forests for their livelihoods were randomly sampled. Focus group discussions (FGD) were also 

adopted, guided by a check list of questions on the questionnaire. Administration of a structured questionnaire was conducted using 

the Cochran sampling method adopted by Kwaga et al. (2019). The formula is as follows: 

ὲ  ὔ   éééééééééééééééééééééééééééééééEquation 1 
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Where: nh = no. of questionnaire administered in each forest reserve; Nh = estimated population of the people in the LGA where 

the forest reserve is located; n = total no. of questionnaire administered; N = total no. of people in the study area.  

Data was analyzed based on descriptive statistics (such as frequencies, percentages, tables, and pie charts) and the Likert scale (four 

scales). The Likert scale mean(s) for all indicators were categorized as follows: the mean(s) 1.00-1.49 = Strongly Disagree (SD), 

1.50-2.49 = Disagree (DA), 2.50-3.49 = Agree (A) and 3.50-4.0 = Strongly Agree (SA). Spear man correlation was also used to 

test for significant relationship between respondents' perceptions on Forests ecosystems as banditry hideout and the ecological and 

socioeconomic implications on forest-dependent communities in Sankera axis of Benue State, Nigeria. 

 

 RESULTS AND DISCUSSION 

Socio-economic characteristics of the respondents in north-east guinea savanna ecological zone of Sankera axis, Benue, 

Nigeria 

The results of socio-economic characteristics in the north-east guinea savanna of Sankera axis, Benue state showed that3561.27%, 

32.71% and 74.27% of the respondents35in Katsina Ala, Logo and Ukum LGAs respectively were males while3538.73%, 67.29% 

and 25.73% were female. According to the age category, 54.28% of the respondents were young adults between the ages of 10 to 

30 (53.52% in Katsina Ala LGA, 56.08% in Logo LGA and 53.68% in Ukum LGA). Following this are individuals between the 

ages of 31 to 50 (31.69%) with Katsina Ala LGA (35.21%), Logo LGA (34.57%) and Ukum LGA (31.69%). Only 14.03% of them 

fall above 50 years with Katsina Ala, Logo and Ukum LGAs recording 11.27%, 9.35% and 20.59%, respectively (Table 1). 

According to the studyôs marital status results, 64.42% of the respondents were married, while 35.58% were single. In Katsina Ala 

LGA, 80.28% of the respondents were married, 58.88% in Logo, and 52.21% in Ukum LGA.  

Majority of the respondents were observed to be married, male and young people between the ages of 10 to 30 years. This is a sign 

of a growing population that is in the prime of using, distributing, and consuming forest resources.35Clarke et al. (1996) affirmed 

that35forests provide a variety of goods and services that are crucial to the well-being of populations who depend on them, some 

of which serve as subsidies for agriculture (browsing and leaf mulch), while others meet critical requirements like food, shelter, 

and health.  

 

The result (Table 1) also showed that, 49.35% of the respondents had secondary school education while 25.97% of them had 

primary school education. The respondentsô occupational breakdown indicated that 54.28% of them were farmers, 21.56% were 

traders, and 20.00% were artisans/herbalists. There were just 4.16% civil servants. Despite the high educational of farming 

operations in the study area, the high level of education indicate that, respondents were knowledgeable about the social, ecological, 

and economic benefits of forests and forest products. Forty two point eighty five percent (42.85 %) of the respondents lived in 

households with more than 15 individuals, and 43.38% made between #100,000 and #200,000 annually (Table 1). The larger 

household sizes in the study area may be explained by socio-economic and socio-cultural factors like polygamy that encourage 

greater household consumption and extraction of forest resources.  

This finding is comparable to the one made in a research by Kabubo-Mariara and Gachoki (2008), who reported that, families with 

large household size who resided close to forested areas explore more resources from the forests due to labour availability that can 

be spread across the forests. The larger household sizes could also be connected to the diversification of livelihood activities in the 

study area to include the use and marketing of forest products as well as farming. This supports the finding of Clarke et al. (1996), 

which noted that households in rural areas, particularly those living adjacent to forests depend on a variety of activities to meet 

their needs for a living. These activities include farming (crop and livestock production) as well as off-farm activities (urban 

remittances, craftwork and harvesting products from forests). The precise combination of these activities depends on a number of 

variables, including socio-economic considerations (population densities and demand for forest products).35 

The average annual household income in the study area is below #200,000. This suggests that they are low-income, which accounts 

for their reliance on forest and forest resources. This result supports the claims made by Suleiman et al. (2017), Awoyemi (2011) 

and Vedeld et al. (2004) that low-income households heavily rely on forest resource extraction from nearby forestlands. Households 

with better income would opt to invest more in other sectors of the economy rather than relying on forest resources (Suleiman et 

al., 2017). 

 

Table 1: Socio-economic characteristics of respondents  

Variable 
Frequency (Percentage, %) 

Katsina Ala LGA  Logo LGA Ukum LGA  Total 

Gender     

Male 87 (61.27) 35 (32.71) 101 (74.27) 223 (57.92) 

Female 55 (38.73) 72 (67.29) 35 (25.73) 162 (42.08) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Age category     

10-30 years 76 (53.52) 60 (56.08) 73 (53.68) 209 (54.28) 

31-50 years 50 (35.21) 37 (34.57) 35 (25.73) 122 (31.69) 

51 years and above 16 (11.27) 10 (9.35) 28 (20.59) 54 (14.03) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Marital Status     

Married 114 (80.28) 63 (58.88) 71 (52.21) 248 (64.42)  
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Variable 
Frequency (Percentage, %) 

Katsina Ala LGA  Logo LGA Ukum LGA  Total 

Single 28 (19.72) 44 (41.12) 65 (47.79) 137 (35.58) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Educational Qualification    

Primary 29 (20.42) 30 (28.04) 41 (30.15) 100 (25.97) 

Secondary 46 (32.39) 64 (59.81) 80 (58.82) 190 (49.35) 

Tertiary 28 (19.72) 10 (9.35) 11 (8.09) 49 (12.73) 

Non Formal Education 39 (27.47) 3 (2.80) 4 (2.94) 46 (11.95) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Occupation     

Farming 63.  (44.37) 58 (54.21) 88 (64.70) 209 (54.28) 

Civil Servant 10 (7.04) 5 (4.67) 1 (0.74) 16 (4.16) 

Artisan/Herbalist 48 (33.80) 12 (11.21) 17 (12.50) 77 (20.00) 

Trading 21 (14.79) 32 (29.91)  30 (22.06) 83 (21.56) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Household size     

Below 6 7 (4.93) 20 (18.70) 25 (18.38) 53 (13.51) 

6-10 15 (10.56) 16 (14.95) 21 (15.44) 52 (13.51) 

11-15 26 (18.31) 40 (37.38) 50 (36.77) 116 (30.13) 

Above 15 94 (66.20) 31 (28.97) 40 (29.41) 165 (42.85) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Income ( ) (Per Annum)     

Below 100,000 30 (21.13) 41 (38.32) 28 (20.59) 99 (25.71) 

100,000 to 200,000 55 (38.73) 62 (57.94) 50 (36.76) 167 (43.38) 

200,001 to 300,000 39 (27.47) 4 (3.74) 32 (23.53) 75 (19.48) 

Above 300,000  18 (12.67) 0 (0.00) 26 (19.12) 44 (11.43) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

 

Nature and patterns of banditry attacks in north-east guinea savanna ecological zone (Sankera axis) of Benue State, Nigeria  

The result on the nature and patterns of banditry attacks (Table 2) indicates that, majority (98.70%) of the responses implies that 

most of the bandits who attack forest dependent communities were young men who usually operate in gangs (groups) of 6 or more 

and use sophisticated weapons such as A.K 47 raffle to cause harm, suffering, and injuries to the poor forest dependent 

communities. This finding was in line with that of Shalangwa (2013), who reported that, bandits who attack the border communities 

of Adamawa state in north east Nigeria are purely males numbering from 10 and above.  

Majority (64.49% and 66.18%) of the respondents in the study area (in Logo and Ukum LGAs, respectively) reported that, most 

bandits usually flee on motorcycles; while 76.76% of the respondents in Katsina Ala LGA, reported that, automobiles were the 

best form of transportation for bandits. The popularity of "bajaj" motorbikes in the study area could be due to the fact that these 

motorcycles move faster in the forest and bush paths. This agrees with Mudashir et al. (2021), they observed that bandits from 

Kuyambana forest  in Kaduna and Kebbi states move to neighbouring villages on motorcycles with guns unchallenged. The 

vehicular escaping means of transportation preferred by the bandits in Katsina Ala LGA as opined by the respondents may be due 

to the thick vegetation and topography of the area. The Ikyo-Nyian forestôs size and proximity, together with the presence of hills 

and mountains in Katsina Ala LGA, made it difficult for law enforcement officials to easily spot bandits.  

This finding contradict Shalangwaôs (2013), whose assertion showed that bandits usually escape on foots into the forests, hills and 

mountains of Adamawa state border communities of north-east Nigeria. Eighty seven point seventy nine percent (87.79%) of the 

respondents opined that the bandits typically escaped into the nearby forests after successive attacks on forest dependent 

communities. This implies that bandits have established a base of operations in the nearby forests of the study area thereby 

preventing forest dependent communities from accessing the forests. In keeping with this finding, Shalangwa (2013) reported the 

development of bandit hideouts in the forests of Adamawa and Borno states border communities.  

 

Table 2: Nature and patterns of banditry attacks in the study area 

Variable 
Frequency (Percentage, %) 

Katsina Ala LGA  Logo LGA  Ukum LGA  Total 

Gender of the bandits that attack forest dependent communities 

Male 142 (100.00) 107 (100.00) 131 (96.33) 380 (98.70) 

Female 0 (0.00) 0 (0.00) 0 (0.00) 57 (14.81) 

Mixed gender 0 (0.00) 32 (0.00) 5 (3.67) 5 (1.30) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Estimated number of bandits whenever they attack 

2-5 0 (0.00) 0 (0.00) 15 (11.03) 15 (3.90) 

6-10 98 (69.01) 90 (84.11) 67 (49.26) 255 (66.23) 
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11 and above 44 (30.99) 17 (15.89) 54 (39.71) 115 (29.87) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Types of weapons used by the bandits 

Sophiscated weapons 91 (64.08) 75 (70.09) 88 (64.71) 254 (65.97)  

Small and light 

weapons 

49 (34.51) 32 (29.91) 45 (33.09) 126 (32.73) 

Non of the above 2 (1.41) 0 (0.00) 3 (2.20) 5 (1.30) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Bandits escaping means after attack  

They escape by foot 0 (0.00) 18 (16.82) 0 (0.00) 18 (4.68) 

They escape using 

motorcycles  

33 (23.24) 69 (64.49) 90 (66.18) 192 (49.87) 

They escape using 

vehicles 

109 (76.76) 20 (18.69) 46 (33.82) 175 (45.45) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

Bandits hideout after attack   

They escape and hide 

in urban areas 

0 (0.00) 4 (3.74) 9 (6.62) 13 (3.38) 

They escape and hide 

in rural areas 

31 (21.83) 3 (2.80) 0 (0.00) 34 (8.83) 

They escape into the 

forests 

111 (78.17) 100 (93.46) 127 (93.38) 338 (87.79) 

Total 142 (100) 107 (100) 136 (100) 385 (100) 

 

Tendency of respondents to depend on forest resources 

Figure 2 depicts the tendency to depend on forest resources. The results revealed that majority (73.00%) of the respondents had a 

high tendency to rely on forest resources in the study area, but the existence of bandits in these forests defile their tendency. The 

high tendency to depend on forest resources may be explained by crucial functions that forests play in providing goods and services 

required for both human and animal well-being. According to Clarke et al. (1996), essential forest products include wood for tool 

handles and household utensils, poles and construction products, timber, foods, medicines, leaf litter, grazing, and browsing. Forest 

lands have a service role in controlling soil erosion, providing shade, modifying hydrological cycles and maintaining soil fertility. 

Religious and cultural customs which relate to designated woodland areas and certain tree species are vital to the spiritual well-

being and effective functioning of rural communities (Clarke et al., 1996). 

 

 
Figure 2: Respondentsô forest dependent tendency in the study area 

 

73%

27%

High

Low



Effects of banditry activities on forest ecosystems and the host communities in north-east guinea  ééé.. Meer et  al. 

38 
 

Proceedings of the 8th Biennial Conference of the Forests & Forest Products Society, Held at the Forestry Research Institute of 
Nigeria, Ibadan, Nigeria. 14th - 20th August, 202 

Consequences of banditry on forest ecosystems  

The finding in Table 3 displays respondentsô perceptions on how banditry affects the forest ecosystems in the study area. Based on 

the finding, the majority (55.84%) of the respondents believed that the majority of bandits in the study area significantly (p=4.56) 

use forest estates as a hideout for attack. All the respondents in the study area had the perception and agreed to the fact that bandits 

use forest estates as their hiding places in parts of Benue state. This implies that forests in the study area have turned into a haven 

for bandits. This result confirmed the statement made by El-Rufai (2022) that, bandits operate at the forestôs fringes since the 

woodland serves as their primary hiding area. Rings of bandits have taken over chunks of hinterland communities in Benue State 

(Onwuzuruigbo, 2020). According to Mudashir et al. (2021), the nine forests include Sambisa, Alagarno, Kamuku, Kuduru, 

Kuyambana, linking almost the entire northern part of Nigeria and some neighbouring countries are being governed by bandits, 

thus worsening the insecurity challenges bedeviling the region. This development has affected the biodiversity of these forests, 

which in turn affects the extraction, distribution, and consumption of the forest resources. El-Rufai (2022) reaffirmed that the 

carpet-bombing of the forests usually leads to collateral damage to the forest.  

Significant (p=3.84) proportion of the respondents (39.74% and 38.44% representing strongly agree and agree respectively) 

perceived that whenever bandits clash with security forces in the forest, their actions (such as airstrikes, forest fire and gunfire 

sounds) devastate the biodiversity of the area, causing forest degradation and wildlife migration. All of the respondents agreed that 

they loss their livelihoods due to banditry activities in the study area. The implication of this is the migration of wildlife species 

and displacement of human populations which affects the ecological, social and economic activities. The result of this finding 

indicates that banditry activities have significant implications for the respondentsô socio-economic activities in the area.  

Most of the respondents perceived that banditry activities destroy the available forest ecosystems in the area and disrupt social and 

economic activities (such as historical and religious festivals and educational activities, among others). Also, deliveries of basic 

amenities (such as instructional school materials, hospital equipment, water and electricity) and psychological trauma are some of 

the significant implications of banditry facing the study areas as perceived by the respondents. 

 

 

Perception of ecological and socio-economic implications of banditry activities on forest- dependent communities in the study 

area 

Table 4 shows the result of the respondentsô perception of the ecological and socio-economic effects of banditsô activities on forest-

dependent communities in the study area. Based on the result of this finding on the ecological and socio-economic effects 

implication, the majority of the respondents (44.16% for strongly agree and 48.83% for agree) significantly (p = 3.82) reported that 

the destruction of forests and forest products due to banditry activities in the area results in ecological implications such as soil 

erosion, drought, climate change, among others in the study area. Additionally, the respondents significantly (p = 3.97) perceived 

that banditry activities within the forest ecosystems mostly interfere with social activities (such as festivals, religious and 

educational activities) of the people that depend on forest. 

Banditry-related economic disruption had a significant (p = 3.37) impact on forest-dependent communities in the study area. The 

banditry actions also significantly (p = 3.74) affect the supplies or deliveries of basic amenities (such as schools' or educational 

materials, medical equipment, electricity, and water, among other things). Also, the socio-economic implications of banditry 

activities in the study area were perceived to have psychological trauma on the surrounding communities who largely depend on 

forests and forest products for their livelihood in the study area (Table 4). 

 

The result of the Spearman correlation test between respondents' perceptions on the effects of banditry hideouts in forest ecosystems 

and the ecological and socio-economic implications on forest-dependent communities in the study area is presented in Table 5. The 

test variables, spearman correlation scores, and p-values were displayed in the table. No significant (p 0.051) correlation was found 

between ñforest ecosystems as banditry hideoutsò and any of the ecological and socio-economic implications (Table 5). However, 

a negative correlation (-0.211) was recorded between "forest ecosystems as banditry hideouts" and psychological trauma 

experienced by forest dependents who are banditry victims and relatives of victims of banditry (Table 5).  

The result on the correlation between forest ecosystems as banditry hideouts and different ecological and socio-economic effects 

revealed a non-significant positive correlation. There was a very high correlation (95%) between banditry hideouts in forest 

ecosystems and their effects on biotic and abiotic components of the forest. This indicates that the presence of banditry and high 

security activities in forest ecosystems influences the population status of biotic and abiotic components of the forest estates in the 

study area. Also, the presence of banditry and high security activities affects the utilization of wood and non-wood forest products 

(WNWFPs). Ecological disruption has various effects on forest ecosystems used by bandits as hideouts, including the extinction 

or threatened status of economically significant fauna species, among other NWFPs. 

 

Effective prevention and control of banditry activities in the study area  

Table 6 shows the respondentsô perceptions on the effective prevention and control of banditry activities in the forest ecosystems 

in the study area. The majority of respondents (88.57%) believed that converting or clearing forest ecosystems (used by bandits as 

hideouts) to other uses would not be an effective means of preventing or controlling banditry activities in the study area. This 

implies that such a means of curtailing banditry activities in the area could have a great negative impact on their livelihood. 

The respondents (51.95% and 29.09%) opined that the government should deploy more security personnel in the affected 

communities and provide enough equipment required for adequate crime control and prevention. The establishment of local security 

outfits (vigilante groups) and deployment of security personnel in the affected areas and the provision of equipment required to 
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respond speedily to early warnings and distress calls to monitor forest ecosystems and their surroundings would be an effective 

control of such insecure activities in the area as significantly (p = 4.16) perceived by the respondents. The establishment of local 

security outfits (vigilante groups) to monitor forest ecosystems and their surroundings implies that authorities will never get it right 

in terms of securing the people unless the forests are ransacked, reclaimed, and properly guarded. The respondents (32.21%) 

significantly (p=3.12) perceived that the government should grant amnesty to the bandits and as well provide alternative livelihoods 

for them. Furthermore, the government and non-governmental organizations should provide basic infrastructure and amenities at 

the rural level in order to create employment opportunities, thereby discouraging any cooperation or collaboration between bandits 

and community members who could serve as informants to the banditry.  
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Table 3: Respondentsô Perceptions on Effects of banditry on Forest Ecosystems in the Study Area 

S/N Consequences 

SA A D SD 
No of 

Resp. 
WS WMS Remark Freq 

(LS) 
% 

Freq 

(LS) 
% 

Freq 

(LS) 
% 

Freq 

(LS) 
% 

i. Most bandits use forests as their hideout 215 

(1075) 

55.84 170 

(680) 

44.16 0 (0) 0.00 0 (0) 0.00 385 1,755 4.56 **  

ii. Whenever bandits clash with security 

agencies in the forest, activities such as 

air bombardment, burning of forests and 

sounds from gun exchange destroy the 

living component of the forest including 

plants and animals  

153 

(750) 

39.74 148 

(592) 

38.44 54 

(108) 

14.03 30 

(30) 

7.79 385 1,480 3.84 *  

iii.  Banditry causes the migration of wild 

animals 

140 

(700) 

36.36 177 

(708) 

45.97 42 (84) 10.91 26 

(26) 

6.75 385 1,518 3.94 *  

iv. Banditry affects the extraction, 

distribution, supply and consumption of 

forest resources such as timber, fruits, 

vegetable, honey, etc. 

196 

(980) 

50.91 150 

(600) 

38.96 28 (56) 7.27 11 

(11) 

2.86 385 1,647 4.28 **  

v. Some forest-dependents whose houses or 

livelihood activities are located close to 

the forests abandoned their homes and 

livelihoods 

181 

(905) 

47.01 204 

(816) 

52.99 0 (0) 0.00 0 (0) 0.00 385 1,721 4.47 **  

Where: SA = Strongly Agree, A = Agree, D = Disagree, SD = Strongly Disagree, Freq = Frequency, LS = Likert scale, % = Percentage, WS = Weight score, WMS = Weight mean score, 

* = Significant effect, *= Highly significant effect. 
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Table 4: Perception on Socio-economic Effects of Banditry Activities on Forest-depended Communities in the Study Area  

S/No  Implication  

SA A D SD 
No of 

Resp. 
WS WMS Remark Freq 

(LS) 
% 

Freq 

(LS) 
% 

Freq 

(LS) 
% 

Freq 

(LS) 
% 

i. Destruction of forests and displacement of forest-

dependent communities resulting to famine, soil 

erosion, drought, climate change, etc. 

170  

(850) 

44.16 188 

(564) 

48.83 27 

(54) 

7.01 0 (0) 0.00 385 1,468 3.82 *  

ii. Disruption of social activities e.g. festivals, 

religious and educational activities, etc. 

186 

(930) 

48.31 199 

(597) 

51.69 0 (0) 0.00 0 (0) 0.00 385 1,527 3.97 *  

iii.  Disruption of economic activities e. g. trade, 

transportation, tourism, etc. 

109 

(545) 

28.31 216 

(648) 

56.10 46 

(92) 

11.95 14 

(14) 

3.64 385 1,299 3.37 *  

iv. Negative impact on supply/delivery of basic 

amenities like schools/instructional materials, 

hospitals/equipment, electricity, water, etc. 

162 

(810) 

42.08 192 

(576) 

49.87 22 

(44) 

5.71 9 (9) 2.34 385 1,439 3.74 *  

v. Psychological trauma suffered by forest 

dependents who are victims of banditry and 

relatives of victims of banditry  

98 

(490) 

25.46 64 

(192) 

16.62 137 

(274) 

35.58 86 

(86) 

22.34 385 1,042 2.71 *  

Where: SA = Strongly Agree, A = Agree, D = Disagree, SD = Strongly Disagree, Freq = Frequency, LS = Likert scale, % = Percentage, WS = Weight score, WMS = Weight mean score, 

* = Significant effect. 
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Table 5: Relationship between respondents' perceptions on Forests ecosystems as banditry hideout and the ecological and 

socioeconomic implications on forest-dependent communities 

Test Variables Spearman value p-value Decision 

Forests ecosystems as banditry hideout 

vs. 

Effects on biotic & abiotic components of forest 

0.949 0.051 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Effects on fauna species 

0.738 0.262 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Utilization of woods and non-wood forest products (WNWFPs) 

0.949 0.051 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Communities livelihoods activities 

0.778 0.222 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Destruction of forests and displacement 

0.738 0.262 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Disruption of social & economic activities 

0.738 0.262 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Effect on basic amenities 

0.738 0.262 not sig. 

Forests ecosystems as banditry hideout 

vs. 

Psychological trauma 

-0.211 0.789 not sig. 

Where: Not sig = Not significant at 0.05 

 

This idea was backed up by 29.09% of the respondents. Only 15.84% disagreed and 24.94% strongly disagreed with the 
government's ability to provide infrastructure and amenity provision at the rural level due to the government's nonchalant 
attitude toward rural communities in Nigeria. Concerned stakeholders should, therefore, provide alternative livelihoods to the 
bandits through the provision of basic amenities that will create job opportunities. 
 
Conclusion and Recommendations 

Young and energetic male bandits use forests as their hideout in North east guinea savanna ecological zone of Sankera axis, Benue 

state, Nigeria. Their nefarious activities have continued to drive the general shift from forest conservation to forest degradation, 

resulting mainly from airstrikes, fire, and wildlife migration, all of which have adverse impact on how well the resources are utilized 

in the study area. Banditry activities have also posed a serious threat to the safety and security of forest-dependent communities. 

As a result, forest-dependent communities have been displaced, and their social, economic, and ecological activities have been 

disrupted. This finding suggests that clearing forest estates due to banditry activities, as commonly suggested by people, is not an 

effective method of prevention or control. Therefore, this study recommends strengthening both traditional and modern security 

systems to protect peopleôs lives and properties, including the forests.  
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Table 6: Effective Prevention and Control of Banditry Activities in the Study Area 

S/No  Preventive/Control measures 

SA A D SD 
No of 

Resp. 
WS WMS Remark Freq 

(LS) 
% 

Freq 

(LS) 
% 

Freq 

(LS) 
% 

Freq 

(LS) 
% 

i. All the bandits hideout forest areas should be 

destroyed and converted to other uses 

11 (55) 2.86 33 

(132) 

8.57 156 

(312) 

40.52 185 

(185) 

48.05 385 684 1.78 Ns 

ii. Establishment of local vigilante groups that 

will monitor forest ecosystems and forest 

dependent communities  

164 

(820) 

42.60 175 

(700) 

45.45 36 

(72) 

9.35 10 

(10) 

2.60 385 1,602 4.16 **  

iii.  Provision of security personnel and equipment 

required for adequate crime control and 

prevention 

200 

(1000) 

51.95 185 

(740) 

48.05 0 (0) 0.00 0 (0) 0.00 385 1,740 4.52 **  

iv. Granting amnesty to bandits and provision of 

alternative livelihood to them 

90 

(450) 

23.38 124 

(496) 

32.21 84 

(168) 

21.82 87 

(87) 

22.59 385 1,201 3.12 *  

v. Provision of basic infrastructure and amenities 

at the rural level with a view to creating 

employment opportunities 

116 

(580) 

30.13 112 

(448) 

29.09 61 

(122) 

15.84 96 

(96) 

24.94 385 1,246 3.24 *  

Where: SA = Strongly Agree, A = Agree, D = Disagree, SD = Strongly Disagree, Freq = Frequency, LS = Likert scale, % = Percentage, WS = Weight Score, WMS = Weight mean score, 

Ns = Not significant, ** = Highly significant effect, * = Significant effect. 
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Abstract 

The rapid increase in urbanization is one of the most significant socioeconomic developments taking place around the world. 

In developing countries, particularly Nigeria, urbanization is accelerating at an alarming rate. In terms of degree and 

distribution of urbanization, Nigeria is the most urbanized country. Urban ecosystems are becoming increasingly important 

as nodes of interaction between man and nature. As a result, sustainable management of urban ecosystems is a critical issue 

that must be investigated. The majority of the world's population spends their days in cities, and nearly 80% of Nigerians live 

in cities. The continued growth in the number and size of urban areas, as well as the increasing demand for resources and 

energy, pose significant challenges to ensuring human well-being in cities and preventing biodiversity loss. This article 

provides an overview of ecosystem service conservation research in Nigerian cities. Through the examination of selected 

articles from online databases. It seeks to close the knowledge gap between urbanization, demand generation, and the delivery 

of ecosystem services in urban areas. Street trees, lawns/parks, urban forests, cultivated land, swamps, lakes/seas, and streams 

have all been identified as urban ecosystems. Numerous ecosystem services are produced by these systems; Air filtration, 

microclimate regulation, noise reduction, storm water drainage, wastewater treatment, as well as leisure and cultural values, 

are local and direct services that are pertinent to Nigeria. It is concluded that local ecosystem services should be considered 

in land use planning since they have a significant impact on the quality of life in urban settings. 

 

Keywords: Urbanization, Landscape, Ecosystem services, Sustainability, Population 

 

 

Introduction  

Cities play a pivotal role in the interaction between humans and the natural world because they are significant demand hubs 

for ecosystem services and they have profound environmental effects. Current predictions of metropolitan areas growing 

quickly bring both fundamental issues and opportunities for constructing cities that are more livable, healthier, and more 

resilient (e.g. adapting to the impacts of climate change). 

According to Seto and Reenberg (2014), the world's population is predicted to dwell in cities and peri-urban areas by the year 

2050, signaling the beginning of the urban age (UN World Population Prospects, 2012). Therefore, urban environments will 

soon become the norm for the vast majority of people on the planet. Nearly 80% of Europeans already reside in cities and large 

metropolitan areas, and there are no signs that this urban trend will change very soon (Haase, 2014). Protecting human well-

being in cities and halting the escalating loss of land, ecosystems, resources, and biodiversity face significant challenges due 

to the continual expansion in the number and size of metropolitan areas as well as rising resource and energy needs (Haase, et 

al., 2013). In a world that is becoming more and more dominated by humans, understanding how urban ecosystems function, 

how they develop, and what facilitates and inhibits their performance might help us understand ecosystem change in general 

(Elmqvist, et al., 2013). There is no set pattern to urbanization because it is a complex social, economic, political, and 

technological process. Urban landscapes with patterns of densification, expansion/sprawl, and contraction are the primary 

manifestation of urbanization. New methodologies and approaches that take into consideration not just the complexity of 

urbanization dynamics but also the interactions between drivers, affects, and drivers are necessary to understand how these 

patterns form and their effects on the land and the environment. (Dagmar, et al., 2014) Responses to these Dynamics The study 

topic on the ecological impact of urbanization is expanding, although it is still in its infancy and lacks a theory or framework 

in many ways (Cadenasso, et al., 2008; Elmqvist , et al., 2013). 

 

Although they were frequently visible in the distant past, the hinterland links and feedbacks that fostered the rise of urban 

centers have become more and more lost in a globalized world (Elmqvist, et al., 2013). A current disregard for a socio-

ecological perspective and a division between town and country can result in the emergence of significant feedback 

mechanisms, allowing them to remain undetected, mislead politicians, and take actions that have significant negative effects 

on the sustainability of the planet. Reintroducing a socio-ecological viewpoint on urban development and helping to redefine 

urban sustainability by making invisible feedback and connections visible are two goals of this special issue. Urban ecosystems 

have particular drivers and selection pressures because they are integral to societal function (Elmqvist, et al., 2013). A classic 

method of assessing urban complexity has been socio-technical, emphasizing how technological advancements drive change 

in cities and how cities are the living labs where technologies are hybridized and spread (Geels, 2011). The synergies, 

interactions, and trade-offs between society and ecosystems can be better understood using the socio-ecological systems 

approach to urban ecosystems. A socio-ecological co-production of ecosystem services (ES) and society, particularly in urban 

areas, could create new opportunities for resilience and quality of life (Go'mez-Baggethun et al., 2011). 

In light of new and complex challenges like climate change (Bowler et al., 2010; Ernstson et al., 2010; Chelleri and Olazabal, 

2012), migration (Seto et al., 2011), relocation and global economic investment (Childers et al., 2013), and urban rural 

telecommunications (Seto et al., 2012), an urban socio-ecological approach will therefore become increasingly necessary to 

successfully improve human well-being in urban areas In the past, differences between the social scales of use, monitoring, 

and decision-making and the spatial and temporal scales of ecological processes and patterns have hindered not only our 
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understanding of ecological processes in urban landscapes but also the incorporation of urban ecological knowledge into urban 

planning (Kabisch and Hase, 2014). 

Above all, the city can act as a testing ground for new ideas, providing a rich environment for cultural, social, geographical, 

temporal, institutional, and biological diversity (Knapp, et al., 2008; Nevens, et al., 2013). We must be concerned with issues 

of ecological functionality and ecological sustainability because this is where the majority of the population consumes the 

most (Grimm, et al., 2008). Urban ecology as a sub-discipline of ecology didn't emerge until the 1970s in response to an 

awareness of human impact on the environment and the role of cities in this regard (Cadenasso, et al., 2008; McPhearson et 

al., 2013). While the term "urban ecology" has been used in schools of sociology and urban planning with varying meanings 

over the past century (Blanco, et al., 2009), it has only been Urban ecology (Pickett et al., 2004; Breuste et al., 2013), which 

continues to try to combine both basic and practical research, is one legacy that has seen the scientific and planning professions 

come together. There is a need to better understand what can promote resilience and improve the quality of life in urban regions 

by bolstering and sustaining urban ecosystems, according to the conversation between science and policy. Urban ecology 

investigates the connections and linkages, whether good or negative, between the ecosystems and species that make up this 

complex matrix and the related human activities. Essentially, cities generate diverse landscapes with substantial temporal and 

spatial diversities.  (Kabisch and Haase, 2014; Pickett et al., 2004). 

The study of the context, cognition, demographics, and societal influences on which ES are regarded as crucial or significant 

by urban dwellers and planners is also gaining importance. We now comprehend that resilience and sustainability are 

influenced by cultural and biological differences (Andersson, 2006; TEEB, 2010). This poses the issue of how to create a solid 

analytical framework that guides planning and governance while taking into account social and environmental components 

and their dynamics. A rising body of empirical evidence demonstrates that urbanization has a significant impact on how we 

manage and utilize natural resources. It is yet unclear how these effects appear, particularly with regard to ecosystem services 

and biodiversity (Elmqvist, et al., 2013; Haase, 2012) For instance, like in other regions of the world, most research in urban 

ecology and social ecology has been carried out by solitary research institutions. Many parts of functional city ecology are 

well understood, but future empirical research should take a more comprehensive and integrated approach in accordance with 

global trends (Dagmar, et al., 2014 ). 

 

Urban Ecosystem Services 

Natural resources such as clean air, water, food, and materials are examples of ecosystem services (ES), which are provided 

by the environment and utilized by humans (Barbier, 2011). They have significant economic value and support social and 

cultural well-being (Fischer et al., 2009). (Emerton and Bos, 2004; Turner, et al., 2008). Provisioning, regulating, cultural, and 

supporting ecosystem services are the major categories into which they have been divided (MEA, 2005). Highlights of the 

overall findings and fresh perspectives on urban ES produced by research from the Urban Biodiversity and Ecosystem Services 

(URBES) project are listed below, along with significant accomplishments and unmet research needs (Schewenius, et al., 

2014): Covering land and land use - While outcome-based indicators are suitable for evaluating ES, they have limits for 

comparison study in metropolitan locations and may deter future empirical field-based research; Cross-border and multi-scale 

analyses are necessary to comprehend the linkages and inconsistencies between urban ES supply and demand; Urban ES are 

mediated by non-ecological factors, including the built environment, technology, social norms, and cultural settings in which 

people interact with their surroundings. Urban nature provides city dwellers with a chance to interact with nature; this question 

is particularly significant in urban regions because the high density of people and mediators necessitates a sophisticated 

investigation of the relationships between them. Through this connection to nature, cultural ES are generated that bring light 

on the many values and meanings that people derive from nature as well as facilitate, inform, and support discussions of 

ecological potentials and difficulties in cities. In order to effectively implement the urban ES concept in practice, disciplinary 

barriers between science, policy, and governance must be crossed, as well as gaps between science and planning frameworks 

and tools. The relationships between biodiversity and ES in urban areas are unclear, lacking evidence, and require new data 

and empirical research. ones that are already in existence: comparisons between cities are essential for this. Understanding the 

forces that shape ecosystem structure, function, and processes, and differentiating between dynamics that are specific to a 

certain location and those that apply to many metropolitan environments worldwide. 

 

Urban Landscapes in Nigeria 

The rapid rise in urbanization is one of the most important global trends. Urbanization is occurring at an alarming rate in 

emerging countries, where this is increasingly prevalent. Nigeria is no different. In terms of both population and distribution 

of urbanization, it is the most urbanized nation in all of Africa. Whether or not we have a vision to lead our transition to 

sustainability, on sizes ranging from local landscapes to the entire planet, will determine the future of humanity. This 

perspective is based on the science of sustainability, and landscapes and regions represent a major size domain (Wu, J. 2013). 

The ability of a landscape to continually deliver long-term ecosystem services that are unique to that landscape and necessary 

for preserving and enhancing human well-being is referred to as landscape sustainability. In essence, achieving well-being is 

a journey rather than a goal. The goal of landscape sustainability science is to comprehend and enhance the dynamic 

relationship between ecosystem services and human well-being in changing landscapes under uncertain conditions brought on 

by internal feedback and external disturbances. It is a place-based and use-inspired science. The importance of landscape 

interactions and hierarchical relationships with scales (or externalities) that are both finer and broader should not be 

overlooked, even while the science of landscape sustainability places an emphasis on place-based research at landscape and 

regional dimensions. Spatially explicit methods, in particular experimental strategies that take advantage of designed 

landscapes and multiscale simulation models that connect the dynamics of landscape services (ecosystem services provided 

by multiple landscape elements combined as properties emerging) and human well being, are crucial for advancing the science 

of landscape sustainability in Nigeria (Wu, J. 2013). 
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Housing and Urban Development 

In Nigeria, colonialism came before the process of urban development. In the past, it has benefited from the country's constant 

socio-political and economic change, fast rural-urban migration, and natural population expansion through births. For instance, 

in 1921, over 20,000 people resided in urban areas across the nation's 18.63 million population (Oduwaye, 2016). Around 180 

cities made up the nation's urban population in 1963, which accounted for 19.1% of all residents. In the middle of the 1970s, 

this percentage increased to about 35% of the population living in cities. The process of people moving from rural to urban 

areas is still going on. The World Bank estimates that the nation's population will reach 206.1 million by 2020. However, this 

has significant ramifications for the unfavorable environmental effects of cities' rapid physical growth in terms of land use 

development (Oduwaye, 2016).  

Like other regions of the world, Nigeria has a long history of landscaping. The experience of Nigeria has demonstrated that it 

is a form of art that has a right to the cultural, social, and economic development of many regions of the nation. Unfortunately, 

it is one of the nation's last remaining arts. This may be because modern landscape planning began to emerge in Nigeria roughly 

20 years ago. The concept has just lately gained traction thanks to the thoughtful design and implementation of public 

institutions, landscapes, a few wealthy individuals, and business interactions. The experience of Nigeria can be related to the 

common phenomena of landscape development, which doesn't happen in any company until a time of stable peace, prosperity, 

prosperity, and prosperity has been established. All of this gets individuals ready for the delicate yet fragile task of developing 

a landscape. 

Although Nigeria needed to design its environment, the biggest challenge was the poor standard of living that resulted from 

the country's low income. This is made more challenging by the ongoing demographic shift toward large urban areas at the 

expense of rural populations, which has led to issues with natural landscape destruction, insufficient open spaces, ecology, 

environmental management, and a lack of adequate facilities, among other issues with landscape planning. 

A lack of public awareness of the significance and applicability of landscape planning is the main barrier to its development 

in Nigeria. Therefore, highlighting the necessity for landscape planning in Nigeria today, when income is mostly subsistence-

based paired with a low level of life, may cause further conflict, particularly with the impoverished majority. In contrast to 

solely aesthetic studies, the landscape does need to be improved functionally. To reduce the impact of environmental threats 

like pollution, radiation, erosion, and desertification, for instance, landscape planning is required, along with the necessity for 

balanced land use planning, among other things (Oduwaye, 2016). 

In order to accomplish the aforementioned, Nigeria's previous and current administrations have significantly improved 

environmental quality by implementing programs like War Against Indiscipline (WAI), which has the dual goals of 

environmental restoration and waste management. Additionally, the government has started quick solutions to desertification, 

erosion, and floods. National, state, and local governments have all started National Tree Planting Days as well. Individuals 

and corporations are also mobilized by the government. 

Over the past two decades, Nigeria's pace of urbanization has grown. . The legislative agenda has continued to prioritize 

urbanization over rural development, and there is a huge need for more urban infrastructure development. Because of the 

increase in construction density, urban ecosystems are at risk. Sometimes, trees are lost more quickly than they are planted 

again. Planning for urban development has been done with little to no regard for managing biodiversity and habitat, if at all. 

Urban design that prioritizes biodiversity can result in more chances for recreation and healthy living in urban settings, in 

addition to the advantages of saving species from extinction and preserving widespread species. Parks, gardens, and green 

belts are secondary concepts that aren't typically incorporated into housing and urban design. 

 

Locally Generated Ecosystem Services 

According to Costanza, et al., (1997) "Ecosystem services" are "the benefits that human populations obtain, directly or 

indirectly, from ecosystem functioning" (1997). Even though some of these ecological services are not directly used by people, 

maintaining ecosystems requires them. Plant pollination and nitrogen cycling are two examples of these indirect benefits. Air 

filtering, climatic regulation at the city and street levels, recreational and cultural value, storm water drainage, waste water 

treatment, and noise reduction are additional locally generated services. 

 

Remaining Challenges 

According to Dagmar et al., (2014), they examine how urban ecosystems work, how they deliver goods and services to city 

residents, how they change, and what promotes and inhibits their performance can help us understand socio-ecological 

dynamics and offer new suggestions for how to manage urban systems for resilience. There is still work to be done to 

demonstrate how the urban ecosystem services framework can offer transitional pathways and processes for creating plans and 

policies for urban resilience, governance frameworks that support poly-centrism and inclusiveness, and stewardship strategies 

to help meet demands and aspirations for sustainable urban growth, human health and well-being, ultimately paving the way 

for urban resilience. The issues that still need to be resolved include, but are not limited to: What new ideas and theoretical 

frameworks can help us better comprehend urban resilience from an ES perspective? What brand-new techniques and 

instruments are available for ES evaluation and bench-marking evaluation? What techniques can connect the local and global 

scales for ES evaluation, mapping, and modeling that are cross-scale and scale-sensitive? What may be learnt by using ES for 

planning and assessing resilience? 

The research community needs to investigate these possibilities and any effects they might have on city governance at all 

levels, from municipal to international. It is believed that a socio-ecological strategy, which is likely to emerge under the 

initiative Emerging Future Earth, will put learning and scientific advancement at the center of urban sustainability and 

resilience on a world that is becoming more urbanized. Additionally, look at whether adaptive co-management might be a 

practical strategy for managing the ecosystem resilience of a bio-diverse urban landscape in Nigeria. 
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Conclusion 

Given the high value of property in metropolitan areas, securing and enhancing the production of ecosystem services would 

probably need a combination of multiple land uses on the same parcel of land. There are several ways to boost vegetation, 

such as using trees in parking lots or small lawns as traffic dividers. Thinking flexibly is required. It makes sense to incorporate 

the consideration of biodiversity into the future design of housing and town planning, both as a fundamental tenet of the Federal 

Ministry of Housing and Urban Planning and of state agencies with analogous responsibilities. 

Despite the fact that city inhabitants still rely on global ecosystem services for their existence, it is also obvious that urban 

ecosystem services improve the quality of life in cities. Locally offered services, such as air quality and noise levels, which 

cannot be enhanced utilizing remote ecosystems, increase the quality of life for city people. But it is important to keep in mind 

that just the impact of these issues is diminished, not the root of the issue that has to be fixed. Working on both ends is 

necessary. It is hoped that a greater understanding of ecosystem services will lead to more efficient city planning and 

construction. The contribution of urban ecosystems to urban life would then be completely understood, and their value would 

be estimated if the country were to be claimed for exploitation. Understanding the significance of ecosystem services may also 

allow for the maintenance or even expansion of mysterious urban areas. Metropolitan planners and political decision-makers 

need to understand and value the ecosystem services provided by urban areas and the ecosystems they support as cities are 

expected to expand rapidly over the coming decades. Finally, local ecosystem services must be considered when planning land 

use because they have a big impact on metropolitan areas' quality of life. 

 

Recommendations 

Urban regions have less greenery than rural areas, which contributes to the severity of the effects of climate change there. To 

lessen the effects of climate change, city inhabitants should be encouraged to cultivate flowers and trees. Rural areas should 

be given access to social institutions. As a result, fewer individuals move from rural to urban areas. If ecosystem services are 

to be preserved in the area, the government should also see to it that policies addressing environmental challenges in urban 

areas are adopted and appropriately enforced. 
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Abstract 

Forests represent important natural resources that help developing countries in the area of sustainable livelihood. However, 

mismanagement of the forestland in the course of urbanization, industrialization and illicit agricultural practices has led to forest 

degradation. Therefore, towards perpetuating the benefit of forest resources, several forest policies and Sustainable Forest 

Management (SFM) were employed. This paper reviews the trend of forestry development in Nigeria, its sustainable management 

and implications of insecurity on the forest estate. Forestry development has being in existence in Nigeria as far back as 1889 with 

emphasis on forest reservation and controlled timber exploitation. Politics, Poor forest management plan and enforcement of 

forestry legislation, unclear land tenure and property right and deforestation are some of the factors that influence sustainable 

forestry development. It is concluded that forestry development in Nigeria has never been undermined and several policies 

formulated as well as SFM have been helpful in the sustenance of Nigeria forests. Therefore, efforts of the stakeholders in forestry 

sectors and political leaders at all levels on the approach must not be relaxed. Every tier of government should work on training, 

education and empowerment of rural dwellers on alternative green entrepreneurs that will enhance sustainable livelihood and 

reduce pressure on the forest estates 

 

Keywords: Livelihood, Mismanagement, Urbanization, Degradation, Forest resources 

 

 

Introduction  

Forestry can be defined as the ñscientific management of forests for the continuous production of goods and servicesò. The lives 

of the largest percentage of the entire world populace depend on the forest. Trees are cultivated to meet some definite objectives. 

By and large, in planting the right tree the social and the economic benefit must be considered. Any error in this direction will lead 

to poor result in the future (Ojo et al., 2008). 

Forests represent important natural resources that help developing countries improving their economic well-being. More than 1.6 

billion people throughout the world depend on forests for some part of their livelihood (Rhett, 2020). Forests provide a wealth of 

important wood and non-timber forest products (such as edible nuts and fruits, medicinal plants, fibres, rattan, gum Arabic and 

tannins) that people in the developed and developing world rely on (Ojo et al., 2008). The value of wood and non-timber products 

provided by forests is immeasurable. In addition, forests provide environmental preservative services such as regulating water 

supplies and soil erosion control. These services have an enormous impact on worldwide agricultural productivity and human 

health. Forests play vital roles as major stores of greenhouse gases, such as carbon. This important function contributes to reducing 

global warming. Forests also provide important habitat for wildlife. Experts estimate that 70 percent of all land-based plants and 

animals live in forests (USAID, 2007). 

 

Gestalt of Forestry Development in Nigeria 

Forestry development came into existence in Nigeria since 1889 with emphasis on forest reservation and controlled timber 

harvesting (Geomatics, 1997). Before independence, available forest resources could adequately meet the needs of the country, 

both for the export market and for local needs. However, after independence, pressure was exerted on forest resources to generate 

revenues in order to support the young economy and respond to the needs of increasing populace. It has therefore become clear 

that available resources cannot be taken for granted without conscientious intervention. (Geomatics, 1997). Several programmes 

were therefore implemented at local and country levels such as Tropical shelter wood system (TSS), Enrichment planting schemes 

and agroforestry. Most of which were issue-specific without a holistic review of the forest sector. The problems plaguing the sector 

invariably persist in spite of huge financial commitment to these forest development programmes (Nwoboshi, 1986). In the 1960s 

and early 1970s, more than 60 percent of domestic export earnings came from forest products. During this period, timber supplies 

outweighed demand, but the country is currently unable to meet export demand for most tropical hardwood species from the natural 

forest (Geomatics, 1997). Mismanagement of forestland during logging and agricultural production activities has led to policy of 

the creation of forest reserves. But the policy that came about was not based on adequate knowledge of ecology, biology and 

silviculture of the natural forest ecosystem (Osemeobo, 1998). There was pervasive tendency to either over-value or under estimate 

the economic, social and ecological cost of forest utilization. In the 1980s, the demand for forest products, in particular wood, 

became insatiable because of the increasing pressure of the human population and economic growth. This led to unregulated forest 

exploitation, thus resulting in degradation of the forest resources in the country (Anadu and Green, 1990). From 2001 to 2021, 
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Nigeria lost 1.14Mha of forest cover, which equates to an 11% decline in forest cover since 2000 and 587Mt of CO e emissions 

(GFW, 2021). The extent of this forest loss in Nigeria was ascribed to effects of land clearance for cropping by subsistence farmers 

in shifting cultivation. In fact, it accounted for about 80% of the deforestation (Enabor and Popoola, 1994). According to Nwoboshi 

(1986), it was estimated that 60 million hectares of Nigeria's total land area were forested in 1976, whereas in 1985 the figure fell 

to about 9.4 million hectares. In the year 2004 according to Food and Agriculture Organization, Nigeria had 15% forested land 

(FAO, 2004), it was evaluated at that time that about 360,000 km 2 (25.6%) of Nigeria land area was under forest cover (FAO, 

2004). 

 

In 1990ôs, the area of industrial forest plantations in Nigeria was about 160, 000 ha while the area of environmental plantations 

was 48,000 ha (Oyebo and Okiriguo, 1999). Rubber constitute about 50% of the plantation, Gmelina arborea - 30%, while Pinus 

caribaea account for about 1%.  Other broad leaved tree species such as Tectona grandis and Eucalyptus species are moreover 

recovered within the plantation. However, improper forest management plan, nascent silvicultural practices, under-utilization of 

resources and high level of illicit logging within the forest plantation led to uncontrolled failures (FDF, 1998). According to Global 

Forest Watch (2021), 14% of tree cover loss between 2001 and 2021 occurred in area where the dominant drivers of lost resulted 

in deforestation (Fig. 1). In a bid to rescue the nation from this devastating state of Nigeria forest, the Federal Government of 

Nigeria (FGN) in 2019 seriously set out to embark on reforestation and afforestation programme so as to have 25% of total land 

area of the country forested. The programme is tagged National Afforestation Programme (NAP). The main aim of the NAP scheme 

was the ecological woodland restoration by the government and the development of forest resources with the help of the non- 

government sector, with a focus on increasing the livelihood of the forest-fringe community, including park rangers and those 

living in poverty. In achieving this, the FGN embarked on planting a minimum of 25 million trees where Forestry Research Institute 

of Nigeria (FRIN) raised 13 million seedlings; Great Green Wall raised about 7 million seedlings, and other sister agencies raised 

approved quantities based on their capabilities (Asinwa et al., 2020).  

 

 

 
Source: Global Forest Watch, 2021 

Figure 1: Tree cover loss between 2001 and 2021 in Nigeria 

 

Factors affecting forestry development in Nigeria 

There are several elements required for assurance of sustainable forestry development. They include legal and policy framework, 

sustained and optimal production of forest products. It requires protection of the environment, and well being of people to be put 

in place. Absence of any of these elements can result in negative influence on the availability and utilization of the forest resources 

(Eugene, 2004). Aftermath of the occurrence (courtesy anthropogenic activities) would be disruption of the forest ecosystem leads 

to the depletion of the forest resource (Campbell et al. 1996; Cleaver and Schreaber, 1990). Generally speaking, some factors that 

can influence sustainable forestry development include: 

Politics 

Political instability has made various programmes aimed at sustainable forestry such as Tropical Forestry Action Plan (TFAP) and 

National Forestry Action Programme (NFAP), to be short lived. Similarly, World Bank (1991) reported that instability in the 

political and economic policies, as well as lack of political will to implement the right energy policies were some of the reasons 

leading to low response by potential investors in sub-Saharan Africa. 

Poor forest management plan and enforcement of forestry legislation. 

Management plans play significant role on sustainable forest development from the time of land acquisition, preparation to 

harvesting period. Nigerian factors most in relation to corruption have made the forestry legislation so cumbersome. .  
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Deforestation 

The drastic reduction in forest areas across the globe towards other uses such as agricultural croplands, urbanization and 

industrialization is being referred to deforestation. The menace greatly affects development of forestry. Other factors includes 

V Inadequate land use planning 

V Dearth of information about the forest resource base 

V High fuel wood consumption and poverty 

V  Inefficient use of the forest resources 

V Low degree private sector participation in forestry 

V  Denial of indigenous peopleôs right 

V Unequal distribution of benefits and costs for the use of the forest 

V Inadequate protected area network 

 

Sustainable Forest Management (SFM) 

Sustainable Forest Management (SFM) is considered as one of the foremost critical commitments which the forestry segment can 

make to the feasible advancement and sustainable development targets of any country, especially those luxuriously blessed with 

forest resources 

 (FAO, 2007). The process of managing permanent forest reserves to realize one or more clearly indicated targets of administration 

with respect to the generation of a persistent stream of desired forest goods and services without undue diminishment in its inborn 

values and future efficiency and without undue undesirable impacts on the physical and social environment is called SFM 

 (ITTO, 2005). Towards optimum monitoring, evaluation and reporting of SFM, ITTO developed a set of key criteria and indicators 

(C&I) for the management of tropical forests. In a nut shell, the major objective of SFM is to ensure that derived forest production 

and products meet present-day needs without jeopardizing the future development. According to Jorge and Julio (2012), forest 

management includes the regulatory, legitimate, specialized, financial, social and natural angles of the preservation and utilization 

of forests. It suggests different degrees of human mediation, extending from activities pointed at conserving and protecting forest 

ecosystems and its capacities to favoring particular socially or financially profitable flora and fauna species for the improved 

production of goods and services (FAO, 2007). 

 

Sustainable Forest Management Components 

Considering different definitions of SFM, several fora of forestry in different parts of world (such as World Commission on 

Environment and Development, (1987); Federal Leadership 

In Environmental, Energy, and Economic Performance (Federal Register 2009); The Ministerial Conference on the Protection of 

Forests in Europe (2009)) have suggested the following key components of SFM. They include: 

Extent of forest resources  

This is all about having reasonable forest cover and stocking, including tree outside forests, to support the social, economic and 

environmental aspects of forestry. It encompasses ambitions to reduce deforestation and to restore and rehabilitate degraded forest 

landscapes.  

Biological diversity  

This is towards conservation, preservation and management of biodiversity of the ecosystems. Such conservation, includes 

protection of areas with degraded ecosystems, basically to ensure maintenance of biodiversity, and provides advantages of new 

forest products development.  

Forest health and vitality 

Management of forest is essential to reduce risks and influences of undesired disturbances such as wildfires, airborne pollution, 

storm felling, invasive species, pests, diseases and insects. The disturbances can impact social, economic as well as the environment 

in general.. 

 

Productive capacities of forest resources 

This explains the desire to preserve the supply of essential forest products at present and at the same time guaranteeing the existence 

of these products for the use of incoming generations without compromising the management of future eras 

Protective functions of forest resources 

Here, the importance of forests on soil enrichment, watershed and environmental management is focused. This includes 

enhancement of drinkable water, reduction of flood risks, erosion control and drought management. It also contributes to ecosystem 

conservation efforts.  

Socio-economic functions 

This looks into the important functions of forest to host and protect sites and ecosystem that have high cultural, spiritual or 

recreational values, and thus include aspects of land tenure systems/ownership, indigenous knowledge and management of 

communal systems. 
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Criteria and indicators for SFM  

Criteria and indicators are instruments utilized to characterize, evaluate and screen intermittent advance towards SFM 

administration in a given nation or a specified forest area, over a period of time. The ultimate aim of criteria and indicators is to 

enhance the improvement of all operations relating to management of forest at a particular period of time. Towards ensuring healthy 

and productive forest estates with reference to the social, economic, environmental, cultural and spiritual needs of the full range of 

stakeholder groups in countries concerned (ITTO, 2005). 

The United Nations Conference on Environment and Development (UNCED) was held from June 3 through June 14, 1992, in Rio 

de Janeiro, Brazil. Among the agenda of the conference was the principles that guide SFM as a contribution towards sustainable 

development. Reconciliation among forest productive functions, protective roles, environmental and social roles was firmly 

discussed at UNCED. In this forum, not less than 27 guiding principles which target obligations of every country on environmental 

development was agreed. Following the conference about 160 countries are involved in development of C&I approach for SFM 

(ITTO, 2005). 

Criteria and indicators can be used to encourage more holistic thinking when planning forest management activities, and to bring 

about greater rigor, openness, transparency and accountability in forest management planning. These C&I indicate the direction of 

change as regards to the forests and also suggest the ways to enhance the process to achieve the SFM. It would be supportive in 

adoption of better management practices so that the direction of change can be ascertained and timely actions to alleviate the 

foreseeable damages to forest resources can be put into consideration (ITTO, 2005). 

 

Overview of Insecurity in Nigeria 

Nigeria is passing through an unprecedented wave of different security crises ranging from banditry, insurgencies to kidnapping. 

This is prevalent in every geographical zone of the country. 

The country has always faced different difficult challenges at different times. Just in the the country underwent a good a three-year 

Civil War with serious aftermath effects on certain parts of the nation. Lives of innocent citizens and properties that worth millions 

of naira were lost during this period of unprepared war. Invariably, throughout this period of civil war, indiscriminate killings were 

order of the day as a result of much insecurity (Oyewusi, 2022). Immediately after the war, armed robbery crept in as another form 

of insecurity. The robbery was so rampant at that time with great effects on every facet of life in the country. This led to fiery 

promulgation of decree by the ruling military government that armed robbers caught should be killed by firing squad.  It was at 

that period that violent armed robbers like Ishola Oyenusi and his gang were executed at the bar beach. Ever since then, the nation 

has witnessed different groups of armed bandits terrorizing the entire landscape for instance, Lawrence Anini and Shina Rambo, 

and it has resulted in the formation of different squad of the police force saddled with the responsibility of keeping men of the 

underworld at bay (Oyewusi, 2022).  

 

At moment, the reigning source of insecurity in the country is herdsmen and cattle rustlers. The herders carry sophisticated weapons, 

descend on innocent farmers and their families and take their lives. Several lives have been lost by this barbaric act of notorious 

herders. The heinous incidence has led to unguided rancor among Fulanis and Bororos who are generally believed to be major 

herders and most of their host communities. In addition to the hostility, larger percentages of the southern rural communities in 

Nigeria have rejected the plea by the Federal Government to allow herdsmen to settle with them (Oyewusi, 2022). 

The religious extremists otherwise known as Boko Haram have constituted another insecurity factor that is militating against peace 

and tranquility of Nigeria. For over a decade now, these religious extremists have being ravaging every nook and corner of the 

Northern part of the country. In fact the devilish venom of these evil men is now being felt in the Southern part of the nation. 

(Oyewusi, 2022). In almost every day, thousands of people are being killed, many have been displaced and now live in Internally 

Displaced Persons camps spread across the whole Northern States. More to this is kidnapping for ransom which has become an 

intractable problem. Innocent school children especially in the North are being kidnapped on a daily basis and taken into the deep 

forest while their parents are thrown into great despair (Oyewusi, 2022). Outrightly, forests are the conspicuous hideouts of the 

perpetrators of these evils. The forest serves as base for rebels to launch attacks, hideouts for armed robbers who attacks travelers 

and traders; hideouts for thieves, kidnappers, ritual killers, criminals, and cattle rustlers; and 

camping sites for insurgents, as well as a base from which non-state armed actors organize 

guerrilla attacks against the state and/or its economic interests. The implication is that forest 

reserves have become ungoverned spaces that are mobilized by insurgents and criminal elements 

and redirected to anti-state activities (Suleiman, 2014). 

 

Security threats posed by the Forests  

7. Forests provide cover as forests consist of plant communities of plants especially trees growing close together which can 

be used by hideouts or for launching attacks in an ambush.  

8. Being isolated areas where nobody lives, forests are used by those who oppose the government or societal values and 

carry out activities that are against the law such as theft, armed robbery, and attack on security personnel.  

9. Forests can also be used as places for criminal activities such as base for drug abuse, ritual killings and hiding of weapons. 
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10. Forests are areas where there is least of presence of security personnel especially in developing countries and as such 

crimes can be committed and help cannot easily come to the victims (Suleiman, 2014) 

 

Implications of Insecurity on SFM 

The overall effect of insecurity on the sustainable forest management is forest degradation. In several occasions, insecurity has 

resulted in reducing the capacity of a forest to produce ecosystem services such as carbon storage and wood products as a result of 

anthropogenic activities such as building up of insurgent/bandit camps. Their activities constitute nuisance to the forest and its 

surrounding. This is evident from the findings of Suleiman (2014), who found that forests in the Northern part such as Sambisa 

Forest Reserve, Rumah/Kukar Jangarai 

Forest Reserve, kamuku Forest Reserve, kagoro Forest, kabakawa Forest Reserve, Idu and Gwagwa Forest Reserves, Falgore Forest 

and Balmo Forest were degraded either partially or wholly through deforestation. 

 

Strategies towards sustainable forestry development 

¶ The Federal, State and Local governments should work on training, education and empowerment of rural dwellers (most 

especially those living around the forest) on alternative green entrepreneurs such as establishment of wood lot, bee 

keeping, snail farming, mushroom production, rabbit farming and so on. This will enhance sustainable livelihood and 

reduce pressure on the forest 

¶ Involvement of rural communities in the forest management must be highly encouraged. 

¶ Development of new security strategies and encouragement/empowerment of local hunters to prevent infiltration of the 

forest.  

¶ Every policy that enhances establishment and management of forest policies must be implemented accordingly without 

prejudice. 

¶ In order to improve sustainable forest development, incessant field survey and dissemination of information should be 

encouraged 

 

Conclusion 

Forestry development in Nigeria has never been undermined from time immemorial. Significant efforts were always put in place 

basically to ensure continuous benefits from forest resources. Unfortunately, with upsurge in population coupled with incessant 

development (urbanization and industrialization) the developmental trend of forestry is dented. The impact of defective leadership 

and that of pronounced insecurity on countryôs forest estate cannot be overemphasized. Nevertheless, sustainable forest 

management is a veritable means which has being relatively keeping the sustenance of Nigeria forests. Therefore, efforts of the 

stakeholders on the approach must not be relaxed. 
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Abstract 

Nigeria is endowed with rich forest ecosystems, which have been subjected to severe threats. To prevent complete loss of the forests, 

several conservation measures were adopted such as Strict Nature Reserve (SNR) and Sacred Groves (SG). Currently, information 

on the impact forest conservation measures on biodiversity is scanty. We assessed tree species diversity of two primary forests 

(Omo-SNR and Akure-SNR), two SGs (Idanre Hills and Ogun-Onire) and two degraded forests (Eda and OA3 forest reserves) in 

rainforest ecosystem of south-western Nigeria. Data were collected from 48 (8 per site) 800m2 temporary sample plots, 

systematically laid along two transects of 1000m per site. Tree species richness followed the order: Akure-SNR (63) > Ogun-Onire 

(62) > OA3 (56) > Omo-SNR (53) > Eda (45) > Idanre Hills (43). Shannon-Wiener diversity index was high in all sites, with OA3 

forest having the highest value (3.68) and Idanre Hills SG having the lowest value (3.14). Species distributions among the sites 

were even (range: 0.83ï0.93). Degraded forests had low mean dbh compared with primary forests and SGs. Degradation had a 

significant negative effect on forest productivity. This was evident from the lower basal area and volume production in degraded 

forests (7.09ï15.40 m2ha-1; 58.00ï138.53 m3ha-1) compared to primary forests (32.47ï72.39 m2ha-1; 366.71ï929.05 m3ha-1) and 

SGs (32.99ï42.59 m2ha-1; 273.21ï398.46 m2ha-1). The poor results from degraded forest could be attributed to degradation 

activities. These findings suggest that natural conservation measures can protect biodiversity in rainforest ecosystem. More efforts 

should be made to prevent further degradation and encroachment into primary forests and SGs. 

 

Keywords: Forest conservation, Flora diversity, Strict Nature Reserve, Sacred Grove, Degraded forest, Tropical rainforest 

 

 

Introduction  

The threats posed by global climate change and biodiversity loss provide evidence that nature is under assault and in crisis. 

Scientists (e.g. Steffen et al. 2015) warn that the earth is approaching dangerous tipping points in our planetary system. What this 

means in practical terms is that many systemic changes may be difficult, costly, or impossible to reverse (Barber et al., 2020). The 

forest is top on the chart of ecosystems under severe threat. Over 40% of the worldôs land is now agricultural or urban land, with 

ecosystem processes deliberately redirected from natural to anthropogenic pathways (Barber et al., 2020). FAO (2015) opined that 

by 2010, about 37.7% and 31.6% of global forestland would have been converted to agricultural land and other land-use types, 

respectively while only 30.7% would be under forest cover. 

For years, remorseless destruction of forests has been going on. Of all the factors associated with forest loss, deforestation, forest 

degradation and fragmentation are most notable (Onyekwelu, 2017). With a reported decrease in global forest area of 1.8 billion 

hectare within the past 5,000 years, FAO (2016) indicated that the current global forest area is only about 50% of what it was some 

5,000 years ago. There are evidences that deforestation is not abating, forest decline will continue, though the rate of decline is 

decreasing, especially in developed countries. The 2015 global forest resources assessment indicated that global forest area declined 

by about 129 million ha (3.1%) between 1990 and 2015 (FAO, 2015). Forest fragmentation is reaching critical thresholds, with 

70% of forests now less than 1 km from a forest edge (Haddad et al. 2015) and natural ecosystems fragmented into some 600,000 

pieces (Ibisch et al. 2017). Currently, forest loss is most prevalent in the tropical regions of the world. Despite increased awareness 

of the key roles tropical forests play in solving the most urgent global environment and development challenges, the rate of tropical 

deforestation remains alarmingly high. Much of the forest loss is associated with population growth and demand of forestland for 

farming, grazing and other land-use forms, unsustainable levels of exploitation of forest resources, etc (Onyekwelu, 2017). 

The need for action against the growing threat to forests is urgent. More than ever, there is need for nature to address the intertwined 

challenges of ecosystem destruction and biodiversity loss. For example, Onyekwelu (2017) postulated that if the estimated annual 

deforestation rate of 350,000ï 400,000 ha in Nigeria is sustained, the country may become completely forestless within the next 

three decades. Nature-based solutions (NbS) is among the various approaches developed to address the menace of ecosystem 

destruction. IUCN defined nature-based solutions as ñactions to protect, sustainably manage, and restore natural or modified 

ecosystems,that address societal challenges effectively and adaptively, simultaneously providing human well-being and 

biodiversity benefitsò. Thus, nature-based measures encompass a broad range of actions that protect, restore, or sustainably manage 

ecosystems (including natural, semi-natural, or created) to provide benefits (Cohen-Shacham et al., 2016). There are many many 

variants of NbS (e.g. ecosystem-based adaptation, natural infrastructure, forest and landscape restoration, natural climate solutions, 

etc (Cohen-Shacham et al., 2016). However, no matter the variant, the protection and strengthening of the ecological integrity of 

natural ecosystems must lie at the core of each. Barber et al. (2020) opined that although nature-based measures need to be applied 
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across a diversity of ecosystems, the single most important intervention to deliver synergistic climate and biodiversity outcomes 

on land is the protection of primary forests. The closer ecosystems are kept to natural patterns of biodiversity distribution and 

abundance, the higher the stability and quality of the ecosystem services they provide (Barber et al., 2020). In this study, we 

examined the impact of nature-based conservation measures on flora diversity and productivity in tropical rainforest ecosystem of 

south-western Nigeria. 

 

Methodology 

This study was carried out in sacred groves, primary forests and degraded forests from the rainforest ecosystem within the south-

western region of Nigeria (Figure 1). The ecological zones within the south-western region of Nigeria include: mangrove, tropical 

rainforest and derived savanna. Annual rainfall in this region could range from between 1400 mm to over 3000 mm while mean 

temperature varies between 21ºC and 34ºC. Rainy season occurs between the months of April and November while dry season lasts 

from December to March. Soils are predominantly ferruginous tropical, typical of the variety found in intensively weathered areas 

of basement complex formations in the rainforest ecosystem of south-western Nigeria (Onyekwelu et al. 2008). 

 

 
Figure 1: Map of south-western region of Nigeria showing the locations of the study sites 

 

The three forest types involved in this study, which are under different management systems, are sacred groves (Idanre Hills and 

Ogun-Onire) primary forests (Akure and Omo Strict Nature Reserves (SNR)) and degraded forests (OA3 and Eda forest reserves). 

Akure-SNR is located in Akure forest reserve between latitude 7Á16ǋ and 7Á18ǋN and longitude 5Á9ǋ and 5Á11ǋE. It covers a land 

area of 69.93 km2 and has been under strict conservation since 1936. Omo-SNR, located within Omo forest reserve, lies between 

latitude 6o 35' to 7o 05'N and longitude 4o 19' to 4o 40'E. It has been under strict conservation since 1949, it has a core and buffer 

zones of 460 and 14,200 ha, respectively (Onyekwelu et al. 2008). Idanre Hills sacred grove, located in Idanre, Ondo State Nigeria, 

has awesome natural landscapes and high plains with spectacular valleys interspersed with inselbergs of about 3,000 ft above sea 

level. It covers an area of 48 ha. Ogun-Onire sacred grove is located in Ire-Ekiti, in Ekiti State, Nigeria. It covers an area of 10 ha. 

Both sacred groves are protected using laws, taboos and strict religious restrictions. Eda forest reserve is located in Ekiti state, 

which lies on latitude 7  23' and 7  46' N and longitude 4  45' to 5  47' E. It occupies an area of about 200 km2 on an elevation of 

526 m above sea level. The OA3 forest is found within Oluwa forest reserve in Odigbo local government area of Ondo state. It lies 

within longitude 6Á 55ôN to 7Á20ôN and latitude 4Á32ôE to 3Á45ôE and covers a total area of 678.06 km2.  

 

Method of Data Collection  

In this study, two primary forests (Omo-SNR and Akure-SNR), two sacred groves (Idanre Hill and Ogun-Onire) and two degraded 

forests (Eda and OA3 forest reserves) in tropical rainforest ecosystem of Nigeria were purposefully selected based on 

prominence/significance, accessibility and permission to conduct inventory. Two line transects of 1000 m each in length, separated 

by a distance of at least 1000 m were laid approximately at the middle of each site. Temporary sample plots of 40 m × 20 m were 

laid on alternate sides along each transect at every 250 m interval, giving a total of 4 plots per transect, 8 per site and 48 for this 

study. Within each sample plot, all trees with Dbh Ó 10cm were identified and their diameter at breast height, diameters at the base, 
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middle, top as well as total heights were measured. The scientific names of all trees and their authorities were confirmed using 

Trees of Nigeria (Keay, 1989).   

Data computation and analyses 

Basal Area Estimation 

The basal area of all trees in each sample plot was calculated using equation 1:  

)1 eqn........(............................................................
4

D
BA

2p
=   

Where BA = Basal Area (m2), D = Diameter at Breast Height (cm) and p = Pie (3.142).  

The total basal area for each sample plots was obtained as the sum of the basal areas of all trees in the plot. Basal area per hectare 

was obtained by first computing the mean plot basal area and then multiplying the mean plot basal area by 12.5 (i.e. number of 40 

m x 20 m plots in an hectare) 

Volume Estimation 

Volume of individual trees was estimated using Newtonôs tree volume equation (eqn 2):  

24

Dt)Dm(Db
hV

222 ++
=p ééééééééééééé (eqn 2) 

Where V is tree volume (m3), Db, Dm and Dt are diameters (m) at the base, middle and top of each tree, and  is total tree height 

(m).  

 

The total volume for each sample plots was obtained by summing the volumes of all trees in the plot. Volume per hectare was 

obtained by first computing the mean plot total volume and secondly by multiplying the mean plot total volume by 12.5, being the 

number of 40 m x 20 m plots in one hectare. 

The following biodiversity indices were computed:  

(i)  Species diversity index was calculated using the Shannon-Wiener diversity index (eqn. 3): 
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Where: Hô = Shannon-Wiener diversity index; Pi = proportion of S made up of the ith species, ln = natural logarithm 

(ii)   Species evenness in each site was determined using Shannonôs equitability (EH)(eqn. 4): 
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(iii)  Margalefôs index was calculated using the equation 5: 
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Where:  S = number of species; N = number of individuals 

(iv) Simpsonôs index  
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Where: ni = number of individual of species I; N = total number of all tree species in the entire community 

 

Results  

The basal area production of the ten most dominant tree species in each of the study sites are presented in Table 1. With respect to 

basal area, no single tree species was found to be dominant across all the sites (Table 1). The most sites-wide basal area dominant 

tree species are: Celtis zenkerii (four sites); Alstonia boonei, Cola gigantea, Sterculia rhinopetala and Cordia milenii (three sites). 

Basal area production varied from site to site and from species to species within the same site. In Akure-SNR, Entandrophragma 

cylindricum had the highest basal area production (5.69 m2) while Cola gigantea recorded the highest basal area production (4.41 

m2) in Omo-SNR. The tree species with the high basal area production in Ogun-Onire grove are Celtis zenkerii (5.46 m2) and 

Pterigota macrocarpa (2.93 m2). In Idanre Hill sacred groves, Ceiba pentandra (5.99 m2) and Alstonia boonei (4.00m2) had high 

basal area production. Basal area production of tree species in the degraded forests was relatively small compared to the values 

obtained for tree species in the primary forests and sacred groves. For example, Celtis zenkerii had the highest basal area production 

of 0.69 m2 in OA3 forest, which is much lower than the 5.46 m2 basal area production of the same species in Ogun-Onire grove 

(Table 1). Spondias mombin had basal area of 0.41 m2 in Eda forest reserve.  
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Table 1: Basal Area (m2) production of the ten most dominant tree species in the study sites 

 Primary Forests Sacred Groves Degraded Forests 

S/N Tree Species  Akure-

SNR 

Omo-

SNR 

Ogun-

Onire 

Idanre 

Hills 

OA3 

Forest 

Eda 

Forest 

1 Ceiba pentandra - - - 5.99 - - 

2 Entandrophragma cylindricum 5.69 - - - - - 

3 Terminalia superba 5.53 4.13 - - - - 

4 Celtis zenkerii 2.17 - 5.46  0.69 0.25 

5 Brachystegia nigerica 4.97 - - - - 0.20 

6 Triplochiton schleroxylon 4.68  0.95 - - - 

7 Cola gigantean - 4.41 2.56 3.09 - - 

8 Alstonia boonei - 0.63 - 4.00 0.36 - 

9 Entandrophragma angolense 3.54 - - - - - 

10 Pterigota macrocarpa - - 2.93 - - - 

11 Chrysophylum purpuchrum 2.70 - - - - - 

12 Sterculia rhinopetala 2.23 2.51 - - - 0.20 

13 Cassia siemen - - - 2.50 - - 

14 Antiaris africana - - - 2.40 - - 

15 Morus mesozygia - - 2.23 - - - 

16 Mansonia altisima 2.11 - - - 0.18 - 

17 Celtis mildbreadii 2.05 1.47  - - - 

18 Blighia sapida -  1.88 - - - 

19 Baphia nitida - 1.29  - - - 

20 Anopysis kleniana - - 1.14 - - - 

21 Trilepson madagascariensis - - 1.18 - - 0.33 

22 Ficus sycomorus - - 1.18 - - - 

23 Funtumia elastica - - - 1.11 0.23 - 

24 Ricinodendrum heudelotii - 1.08 - - - - 

25 Cordia plathutysa - 0.99 - - - - 

26 Ficus mucuso - - - 0.90 - - 

27 Cordia milenii - - 0.89 - 0.22 0.16 

28 Milicia excels - - - 0.87 - - 

29 Monodora myristica - - - 0.63 - - 

30 Berlinia grandifolia - - - 0.61 - - 

31 Pycnanthus angolensis - 0.59 - - - - 

32 Microdesmis puberula - 0.47 - - - - 

33 Spondias mombin - - - -  0.41 

34 Draceana maginata - - - - 0.35  

35 Magariteria discoidea - - - - - 0.32 

36 Trichilia welwitschii - - - - - 0.28 

37 Macaranga barterii - - - - 0.19  

38 Cola acuminata - - - - - 0.18 

39 Entandrophragma utili - - - - - 0.17 

40 Trichilia monadelpha - - - - 0.16 - 

 

The volume production of the ten most dominant tree species in the study sites are presented in Table 2. With respect to volume 

production, Entandrophragma cylindricum had the highest volume production of 101.42 m3 production in In Akure-SNR (range: 
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19.74 - 101.42 m3) while Terminalia superba recorded the highest volume production of 53.31 m3 in Omo-SNR (range: 8.47 - 

53.31 m3). Ceiba pentandra and Celtis zenkerii had the highest volume production of 62.99 m3 and 47.33 m3 at Idanre Hill (range: 

4.36 - 62.99 m3) and Ogun-Onire (range: 5.37 - 47.33 m3) sacred groves, respectively, which were lower than those of the high 

volume producing tree species in primary forests (Table 2). Volume production of tree species in the three forest types followed 

similar trend with basal area production. Trees in the degraded forests exhibited lower volume production compared to those of 

trees in the primary forests and sacred groves. For example, while the highest tree volume production in primary forest and sacred 

grove were 101.42 m3 and 62.99 m3, respectively, the highest volume production of trees in the degraded forest was only 5.92 m3 

(Table 2). Ricinodendrum heudelotii had the highest volume production of 5.92m2 in OA3 forest while Magariteria discoidea 

produced the highest volme of 0.27m3 in Eda forest reserve. 

 

Table 2: Volume (m3) production of the ten most dominant tree species in the study sites 

 Primary forests Sacred groves Degraded forests 

S/N Tree Species  Akure-SNR Omo-

SNR 

Ogun-

Onire 

Idanre 

Hills 

OA3 

Forest 

Eda 

Forest 

1 Entandrophragma cylindricum 101.42 - - - - - 

2 Triplochiton schleroxylon 79.57 - 7.47 - - - 

3 Brachystegia nigerica 74.17 - - - - 1.56 

4 Terminalia superba 72.37 53.31 - - - - 

5 Ceiba pentandra - - - 62.99 - - 

6 Cola gigantean - 52.89 22.97 24.36 - - 

7 Celtis zenkerii 25.69 - 47.33 - 5.26 1.63 

8 Alstonia boonei - 8.47 - 38.96 2.52 1.37 

9 Sterculia rhinopetala 23.37 31.63 - - - 1.98 

10 Cassia siemen - - - 30.57 - - 

11 Entandrophragma angolensis 30.32 - - - - - 

12 Morus mesozygia - - 27.65 - - - 

13 Pterigota macrocarpa - - 27.47 - - - 

14 Mansonia altisima 25.60 - - - 1.23  

15 Chrysophylum purpuchrum 23.93 - - - - - 

16 Cordia plathutysa - 23.11 - - - - 

17 Antiaris africana - - - 21.52 - - 

18 Celtis mildbreadii 19.74 15.05 - - 1.07 - 

19 Milicia excelsa - - - 13.05 - - 

20 Blighia sapida - - 11.47 - - - 

21 Ricinodendrum heudelotii - 11.15  - 5.92 - 

22 Cordia milenii - 10.39 5.37 - 2.98 - 

23 Ficus sycomorus - - 9.73 - - - 

24 Funtumia elastica - - - 9.47 1.40 - 

25 Pycnanthus angolensis - 9.25 - - - - 

26 Baphia nitida - 8.64 - - - - 

27 Ficus mucuso - - - 7.77 - - 

28 Trilepson madagascariensis - - 7.46 - - 2.71 

29 Anopysis kleniana - - 7.28 - - - 

30 Magariteria discoidea - - - - - 5.65 

31 Albizia zygia - - - 4.46 - - 

32 Berlinia grandifolia - - - 4.36 - - 

33 Monodora myristica - - - - - - 

34 Spondias mombin - - - - - 2.83 

35 Musanga cecropioides - - - - 2.59 - 

36 Draceana maginata - - - - 2.13 - 

37 Trichilia welwitschii - - - - - 1.86 

38 Cola acuminate - - - - - 1.36 

39 Entandrophragma utili - - - - - 1.30 

40 Sterculia tricagantha - - - - 1.27 - 

Impact of Nature-Based Conservation Measures On Flora Diversity and Productivityéééé. Onyekwelu et al. 



Development and sustainable forest management in Nigeriaéééééééééééééééééééééé Ojo and Asinwa 

 
 

Proceedings of the 8th Biennial Conference of the Forests & Forest Products Society, 
Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

 

61 

 

Tree dbh distribution in the primary forests, degraded forests and sacred groves followed the inverse-J pattern typical of natural 

tropical rainforest ecosystem (Figure 2a-c). Majority of the trees in the six sites fell within 10ï20 cm dbh class, followed by 20ï30 

cm class. Only few trees in the primary forest and sacred grove sites had dbh above 100 cm (Figure 2a & b), which is contrary to 

the degraded forest sites where the largest trees fell within the dbh class of 40ï50 cm (Figure 2c). The highest stand density across 

the six sites was recorded in the lowest dbh class of 10ï20 cm, making this class the highest contributor of stand density to total 

density for each site. Stand density consistently decreased with increase in dbh (Figure 2a-c). 

 

 

 

 
Figure 2: Tree diameter distribution in (a) primary forest, (b) sacred grove and (c) degraded forest sites in south-western Nigeria 

 

The summaries of biodiversity indices and tree growth variables in the study sites are presented on Table 3. Family richness varied 

from 15 to 25 with Omo SNR having the highest and Eda forest reserve having the lowest. Tree species richness followed the order: 
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Akure-SNR (63) > Ogun-Onire sacred grove (62) > OA3 forest reserve (56) > Omo-SNR (53) > Eda forest reserve (45) > Idanre 

Hill sacred grove (43). There were significant differences in species diversity index, with OA3 forest reserve having the highest 

Shannon-Wiener diversity index (3.68) and Idanre Hills sacred grove having the lowest value (3.25). Species distributions among 

the sites were even (range: 0.85 to 0.93). Degraded forests had lower mean dbh (20.7cm to 23.9cm) compared with primary forests 

(26.1cm to 35.6cm) and sacred groves (24.4cm to 31.9cm). Trees in degraded forests (range: 10.22 m - 10.36 m) were generally 

shorter than those in primary forests (range: 14.15 m - 17.41 m) and sacred groves (range: 13.50 m - 13.73 m) as revealed by their 

mean heights. Also, basal area and volume per hectare were much higher in the primary forests and sacred groves compared to 

degraded forests (Table 3). There were more individual trees per hectare in primary forest sites (range: 372 - 381) and sacred grove 

sites (309 - 413) than in the degraded forest sites (177 - 234).  

 

Table 3: Summary of biodiversity indices and tree growth variables in the study sites 

Biodiversity indices Primary Forest Sacred groves Degraded Forest 

Akure 

SNR 

Omo 

SNR 

Idanre 

Hills 

Ogun-

Onire 

Eda 

forest 

OA3 

forest 

Number of Families 24 25 19 24 15 24 

Number of Species 63 53 43 62 45 56 

Number of Trees Ha-1 381 372 309 413 177 234 

Shannon-Wiener Diversity Index 3.57 3.43 3.25 3.50 3.53 3.68 

Species Evenness 0.86 0.86 0.86 0.85 0.93 0.91 

Simpson Concentration (ɚ) 0.95 0.95 0.94 0.95 0.96 0.97 

Species Richness (Margalef Index) 11.28 9.50 7.94 10.13 9.31 10.98 

Mean Dbh (cm) 35.61 26.10 31.92 28.04 21.09 20.69 

Dominant Dbh (cm) 251.5 168.5 185.00 131.50 42.30 57.50 

Mean height (m) 17.41 14.15 13.50 13.73 10.68 10.22 

Dominant height (m) 54.60 28.80 24.80 23.2 11.20 15.5 

Basal Area (m2ha-1) 72.39 36.63 42.59 41.11 7.09 9.38 

Volume (m3ha-1) 929.05 427.08 398.46 337.39 58.00 64.78 

 

Discussion 

 

Globally, tropical forests directly affect the livelihoods of over 1.35 billion people (FAO, 2014), store about 247 Gigatons of carbon 

(Saatchi et al., 2011) and harbor over half of the world's terrestrial biodiversity (Onyekwelu et al., 2018; Gibson et al., 2011). In 

many countries, intact tropical forests have disappeared completely (Potapov et al., 2017) while many are under different stages of 

degradation. In Nigeria, tropical rainforest is fast disappearing as a result of steady increase in anthropogenic activities that degrade 

the forest, coupled with the increase in the demand for forest lands and products. To guarantee a stable environment and ensure 

sustainable ecosystem services provision from Nigerian tropical rainforest to the people, conservation of the ecosystem is necessary.   

 

Biodiversity indices are usually generated to bring the floristic diversity and abundance in different habitats to similar scale for 

comparison, which is important in studying the effectiveness of conservation measures (Onyekwelu, 2021). Species diversity and 

richness are among the important indices used to characterize biodiversity conservation status of forest ecosystems. Shannon-

Wiener diversity index (H') is widely used to investigate community diversity indices because it takes both richness and evenness 

into account and because species abundances are standardised to proportions (Kent and Coker, 1992). Studies have shown that the 

number of tree species in tropical rainforests is far higher than in any other forest ecosystem, except in a situation where 

deforestation and forest encroachment have eaten deep into tropical forests. For example, between 100 and 300 tree species per 

hectare are found in rainforests (especially in south America and southeast Asia (Richards, 1996)), a value that is much higher than 

that the number of species found in temperate forests (Onyekwelu et al., 2008). Nwoboshi (1982) opined that the number of trees 

per hectare could be as high as 400 in very rich rainforests. The low number of tree species (i.e. 43 - 63) reported for the three 

forest types in this study compared to the general range for tropical rainforests (100 - 400), may be an indication that Nigerian 

tropical rainforest ecosystems are species-poor, which is collaborated by past studies that which reported a range of 32 to 79 species 

(Lowe, 1997; Adekunle, 2006; Adekunle and Olagoke, 2008; Onyekwelu el al., 2008; Onyekwelu and Olusola, 2014; Onyekwelu 

et al. (2021). The high Shannon-Wiener diversity index for the primary forests and sacred groves in this study (3.25 - 3.57), which 

is consistent with reports for similar sites in Nigeria (Adekunle and Olagoke, 2008; Onyekwelu et al., 2008; Onyekwelu and 

Olusola, 2014), is attributed to their mature and fairly undisturbed forest canopy, which supports rich and diverse plant and animal 

species. The diversity index for the sacred groves (3.25 - 3.63) is similar to the values (2.86ï3.96) reported for sacred groves in 

India and Nigeria (Rao et al., 2011; Onyekwelu and Olusola, 2014) but higher than the range of 1.2 ï 1.4 reported by Mgumia and 

Oba (2003) for sacred groves in Tanzania. 

 

The primary forests in this study (Akure-SNR and Omo-SNR) have been under strict conservation since 1936 and 1949 (Isichei, 

1995; Onyekwelu et al., 2008). There is no recorded evidence of timber exploitation in both forests within living memory. Similarly, 
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the two sacred groves in this study have been under strict conservation since they were constituted. Tree felling, farming and other 

forest degradation activities are forbidden in the sacred groves. The primary forests and sacred groves are not under any form of 

conventional management method, they are managed by nature. The degraded forests in this study (OA3 and Eda forest reserves) 

have experienced repeated exploitation and degradation activities in recent times to the extent that they have been classified as 

highly degraded forests.  

 

The primary forests and sacred groves in this study are considered nature-based conservation measures because of their protection 

and ecological integrity and because they are kept closer to natural patterns of biodiversity distribution and abundance (Barber et 

al., 2020). The better growth parameters of the primary forests in this study compared to the degraded forests, coupled with their 

good biodiversity indices, could be attributed to the effectiveness of nature-based conservation strategy. The concept of sacred 

grove is also an effective nature-based conservation strategy due to their comparably higher tree growth parameters and slightly 

better biodiversity indices than the degraded forests. The poor growth parameters of the degraded forests is expected, given their 

long history of degradation and almost uncontrolled nature of logging as well as high volume of timber removed from them. 

Degradation had negative effect on productivity in the degraded forests as evidenced by the much lower basal area and volume 

production in degraded forests (7.09ï9.38 m2ha-1; 58.00ï64.78 m3ha-1) compared to primary forests (36.63ï72.39 m2ha-1; 427.08ï

929.05 m3ha-1) and sacred groves (41.11ï42.59 m2ha-1; 337.39ï398.46 m3ha-1). Another evidence of the effect of degradation is 

the absence of large trees in the degraded forests as revealed by results on Table 3 and Figure 2).  

 

Conclusion  

This study reveals the positive impact of nature-based conservation strategies on flora diversity and productivity. We discovered 

that the growth parameters and tree species diversity indices were higher in the primary forests and sacred groves than in the 

degraded forests. These findings suggest that nature-based conservation measures can protect flora diversity in the rainforest 

ecosystem. Therefore, more effort towards preventing further forest degradation and encroachment into primary forests and sacred 

groves is recommended. 
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Abstract 

Over the years it has been proven that a good and proper landscaping will assist in creating a comfortable and conducive 

environment for housing development. Important information to decision makers regarding sustainable land management, space 

and time of climate variables, land surface pollution and land use changes for Port Harcourt metropolis are limited. This work 

highlighted the importance of landscaping as a vital key to urban development and how it can improve the outlook of Port Harcourt 

metropolis and meeting the desires of those living and intending to move to into the state. Landscape practices and business 

engagement have great potentials to uplift a cityôs status to either that of developed, under-developed or developing. Among the 

accruing benefits, are the value added to style of living, improved health status by way of alleviation of stress and development of 

a buoyant economy through financial in flow from provision of job opportunities and payment to garden owners for relaxation 

services rendered. This paper reviewed and made case for house owners and property developers to consider landscaping as an 

integral part of their buildings and elucidated the importance of landscaping in relation to environmental remediation. 

 

Keywords: landscape, value-added, land use, house 

 

 

Introduction  

The standard of the urban area and the quality of life in Port Harcourt metropolis sometimes does not grow with the ever growing 

process of the economic development of the city while some cities grow base on increase in population as a result of more people 

leaving the rural area to the urban city for greener pastures. For us to have a sustainable and living environment we must focus on 

providing a good and quality housing. Densely populated areas are changing, and more complicated landscapes in which green or 

open spaces are considered to be of incalculable value for the well-being of people and wildlife are being developed (Pickett et al., 

2011) . Throughout history, societies have struggled with environmental constraints. The sharp increase in human population 

triggered by the industrial revolution also increased the scale of human impact on Earth and created a negative by-product: large-

scale landscape degradation, caused by an economy that does not properly restock its key assets: the ecosystem functions it depends 

upon (Barmelgy, 2013).  The need for landscaping of Port Harcourt metropolis cannot be overemphasized as an appealing landscape 

contributes to peopleôs health (Abraham et al., 2010). Studies have proved that the environment surrounding a person is of great 

importance to his or her stress level and health (Millennium Ecosystem Assessment,2005).Various human activities produce 

pressures that alter the environment, leading to negative impacts on the human health and the environmental eco-system (Barmelgy, 

2013). Studies confirmed that inhabitants could benefit from nature, greening and landscape through direct contact with such an 

environment. Barmelgy, (2013) observed that greenery has the potential of inducing an active living and increasing public health. 

This finding is in line with Roger Ulrichôs Psycho-Evolutionary Theory and Stephen and Rachel Kaplanôs Attention Restoration 

Theory who argued that contact with nature aids recovery from all forms of stress, not just attention fatigue. Characteristics of the 

environment provide an early-warning signal for safety and survival that triggers positive emotional reactions. Key elements are a 

level ground surface, considerable spatial openness, the presence of a pattern or structure, curving sightlines and the presence of 

water (Health Council of The Netherlands, 2004). The Kaplanôs consider natural settings which are aesthetically pleasing and are 

restorative environments which hold oneôs attention effortlessly (Health Council of The Netherlands, 2004). As noted by Barmelgy, 

(2013) landscape can be seen as the mitigation process in which health and well-being can be achieved through the sustainability 

process. Landscaping with ornamental trees with attractive geometric forms provides emotional soothing and healing to man is 

categorized in secondary consumptive value of the forests. 

Among many factors, landscaping; an aspect of city development and environmental beautification has gradually gained acceptance 

and transformed into a culture, although through uncoordinated awareness efforts which with the immense contribution is gradually 

influencing the national economy at an increasing steady rate. It is not uncommon to see structures either private or public, of 

different magnitudes developing not without the inclusion of aesthetic plants for purposes of beautification and value addition to 

such properties. Cities are dynamic organisms. There is not a single óhistoricô city in the world that has retained its óoriginalô 

character: the concept is a moving target, destined to change with society itself. To preserve the urban historic landscape, strategic 

and dynamic alliances need to be built between various actors in the urban scene, foremost between public authorities that manage 

the city, developers, and entrepreneurs that operate in the city (UNESCO, 2013). 

Landscapes and features are important because they contribute significantly to our well-being and quality of life. They provide the 

broader context within which we live our lives. Living within aesthetically pleasing and culturally meaningful landscapes enhances 
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our sense of wellbeing. Visiting largely undeveloped landscapes enables people to re-connect with nature, to refresh their minds 

and bodies and to gain a greater appreciation of natural heritage. Accessible natural landscapes within close proximity of urban 

areas, plays an important role in increasing the quality of life within those cities. Iconic features if present, also contribute to the 

visual identities of the cities and settled areas (Millennium Ecosystem Assessment. 2005). 

One of the prevailing environmental pollution in the city of Port Harcourt is the high presence of Black Carbon particles commonly 

known as ñsootò. Residents of the city started experiencing particle (soot) pollution since the last quarter of 2016 (Yakubu, 2018; 

Chris, 2018). The state recorded a high reading of 270 micrograms per cubic meter for air pollution in the city from a 2016 sampling. 

According to the U.S. Environmental Protection Agency's (EPA) Air Quality Index (AQI), a reading of 0 - 50 is good, readings 

between 200 - 300 which Port Harcourt falls under is considered unhealthy for everyone and E.P.A advises residents of such areas 

to avoid heavy and prolonged exertion, and move activities indoors, (US EPA, 2014) for a 15-month period ending in June (2018). 

Air quality was in the unhealthy range on 240 days, with 85 days ranking very unhealthy, and 13 days as hazardous. (Cunningham, 

2018). The City has also experienced increased rate of flooding, which is partly as a result of improper drainage system, ineffective 

town planning and landscaping and a weak waste management system. Governmental policies advocating the planting one tree per 

person has aided as catalyst in the observed transformations. Soot (particulates) are not only detrimental to humans in Port Harcourt 

and its environs but alters the photoperiods of trees and other woody species and interferes with natural biogeochemical cycles 

which  results in early or late fruiting season of tree-fruit-bearers. Soot pollution in Port Harcourt interferes and disrupts 

photosynthesis and respirations of the leaves and vegetation 

 Important ornamental plant production and commercial centres are located in the cosmopolitan city of Lagos in South West 

Nigeria, alongside other cities in the humid rain forest which include Calabar in South-East and Port-Harcourt in South-South, 

while other centres characterized by the drier savannah vegetation include Abuja Federal Capital Territory (FCT) and Jos Plateau 

both located in the Middle Belt zone (Olubode et al., 2015). The cultural diversity and creativity are considered as key assets for 

human, social and economic development accompanied by the integration of environmental, social and cultural concerns which 

are woven into the planning, design and implementation of urban development contributing to very positive and encouraging results 

(UNESCO, 2013).  

 

 

 
Figure 1: Port Harcourt Metropolis Map 

Source: Ministry of Environment, Rivers State (2022) 
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Elements of landscaping 
Natural 

Description of Port Harcourt 

Port Harcourt is the capital and largest city in Rivers State, Nigeria. It is the fifth most populous city in Nigeria after Lagos, Kano, 

Ibadan and Kaduna. It lies along the Bonny River and is located in the Niger Delta. As of 2016, the Port Harcourt urban area has 

an estimated population of 1,865,000 inhabitants, up from 1,382,592 as of 2006. (Arizona et al., 2011; Demographia, 2016). The 

population of the metropolitan area of Port Harcourt is almost twice its urban area population estimate of 3,171,076 (United Nations, 

2021). In 1950, the population of Port Harcourt was 59,752. Port Harcourt has grown by 150,844 since 2015, which represents a 

4.99% annual change. 

Landscaping otherwise described as landscape planning has been described as a process concerned with activities geared towards 

the articulation of existing open spaces for the purpose of enhancing the quality of the environment (Essaghah, 1997). This includes 

the process of rehabilitation of open spaces as well as the coordination of the existing relationship between them. This is usually 

carried out in the cities with the main aim of protecting property values to revive civic pride, promote circulation and increase 

environmental wellbeing, in some cases to create leisure areas. 

.  

 

 
Plates 1 and 2: Use of Hard and Soft scape in construction of a walkway. 

Source: Field Work, 2022 

 

 

Elements of Landscape Design 

 

      

 

    

    

 

 

  

  

    

               

     

 

 

 

 

Figure 2: Landscape Design Elements 

Source: Ale et al., 2019 
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Reasons for Landscaping Adoption in Port Harcourt Metropolis 

 

Landscaping is when trees and other plants are brought in to create an area of beauty, whether itôs in a quiet neighborhood or a 

bustling city thus increasing the scenic value of trees and plants. Today, population estimate of 3,171,076 of Port Harcourt (United 

Nations, 2021) put ecological pressure on landscaped plants including trees as infrastructural development of the State Government 

and individuals which either alter the scenic architecture of Port Harcourt or remove avenue-planted-trees. In Port Harcourt one an 

find impressive landscaping projects in the form of rooftop gardens, urban pocket parks, and backyard oases. However, urban 

landscapes can significantly and positively impact the environment. Planting trees in cities helps reduce the levels of fossil fuels, 

distribute energy, and improve air and rain quality as well as surface temperature and also reduce the motility of polluted air 

particularly soot thereby converting soot into droplets through oxygenation. These benefits prove just how important it is to take 

the small step of developing urban landscapes to counteract the disastrous consequences of climate change on our planet. This 

simple step will promote a huge positive step for our planetôs future. 

 

Landscaping Preserves the Environment 

Sprawling cities hurt the environment. We know the negative consequences of deforestation and shrinking green spaces. 

Landscaping provides an opportunity to preserve and protect the environment. Planting native flora, avoiding chemicals, and 

addressing environmental problems keep green spaces healthy and thriving. It also reduces chemical usage, Minimizes 

environmental impacts on land, water, habitat, and wildlife by reducing forest fires, soil erosion/runoff and pollution, Noise 

pollution is an often overlooked problem. Excessive or unwanted sound has negative physical and psychological effects. Noise can 

come from many sources, especially roads and highways. Trees can play an important role in deadening unwanted noise. Sound 

waves are absorbed by a treeôs leaves, branches, and twigs. Studies suggest that belts of trees 100ô wide and 45ô long can cut 

highway noise to half (A Handbook of Landscape, 2013). 

 

Landscaping Helps Manage Soil Pollution 

Factory pollution is one of the most serious types of pollution. The areas around factories are poisoned by toxic waste, chemical 

spills, and emissions. Simply getting rid of all the factories isnôt feasible at this point. Landscaping can help mitigate some of the 

issues when Plants purify the soil contaminated by factories. Certain plants like alfalfa and sunflower are so good at this; they are 

also called ñsuper-plants.ò The official term however is ñphytoremediation.ò 

 

Landscaping Helps Clean the Air  

Plants clean the air as well as the soil. Trees are especially effective at this purification. The worldôs forests absorb around one third 

of global emissions each year. Tree leaves (and the leaves of all plants) absorb pollutants like smoke, ozone, and nitrogen oxides, 

filtering them from the air. Some of these particulates are inhalable and can pass into the lungs and bloodstream, causing a variety 

of health problems. Port Harcourt metropolis can be purified through urban landscaping..  

Particles of air pollutants are absorbed by leaf surfaces or they may be deposited on the leaves as they fall on the soil, they are 

absorbed. Mbah (2001) indicated that quantified pollution remediation by plants and showed that 85% of lead from vehicles can 

be removed by a shelter belt of trees. Landscaping plants mask fumes and disagreeable odour by replacing them with more pleasing 

scents or absorbing them. Air flow modification caused by these plants affects transport and diffusion of water pollutants and 

energy. Trees particularly and other plants through their growth processes act as a sink for atmospheric carbon dioxide, the 

predominant greenhouse gas. Mbah (2001), assert increased trees in the landscape will potentially slow the accumulation of 

atmospheric CO2. In addition, the production of CO2 by fossil powered generating plants will be reduced and energy conserved. 

Some plants such as Eucalyptus saligna, Brunfelsia hopeana, Nerium oleander etc. produce sweet scent capable of neutralizing the 

polluted air thereby making the air fresh for human consumption. 

 

Landscaping Helps with Water Management 

Water may be a sustainable resource, but it is not limitless. It needs to be managed carefully. Landscaping can help by prioritizing 

water drainage solutions; landscapers protect natural waterways, create rain gardens, and rejuvenate wetlands. Wetland-friendly 

landscaping is important because wetlands are endangered. These areas encourage biodiversity, purify storm water, and control 

floods. Humidity is a measure of the amount of water vapor in the air. As long as heat present, the heat energy will be absorbed by 

moisture and released to the air in exchange for the use of heat energy. Plants in general increase the humidity of the site. They can 

therefore increase the thermal comfort during hot, dry seasons, although the plants have to be watered regularly. The plants take 

water from the soil, and when this water evaporates from the leaves it increases the relative humidity while lowering the air 

temperature. Pools and ponds behave in a similar manner. Water evaporating from the surface increases relative humidity while 

reducing air temperature (Adedeji et al., 2011). 

 

Landscaping Creates a Cooling Effect 

Cities can get very hot, creating what is known as ñheat islandsò. This is when the temperature in the city is much warmer than in 

nearby rural areas. The presence of concrete, cars, and other human activities are responsible and to stay cool, people run their air 

conditioners more. Trees are natureôs air conditioners. They reduce the temperature in a heat island. On a hot day, a backyard with 
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trees will be 6-degrees cooler than a yard without trees. The surrounding temperature goes down, meaning that people will use their 

air conditioners less, significantly reducing emissions. 

 
Plate Trees, shrubs planted to beautify and provide shade. 

Source: Field work, 2022 

 

Landscaping Stops Erosion 

Erosion is a serious issue, it leads to increased pollution and sedimentation in rivers and streams. Waterways get clogged, which 

kills fish and other species. Erosion also destroys fertile land and leads to more flooding. Landscaping, especially grass and shrubs, 

hold the soil together with their roots. Trees and shrubs could serve as shield to cover the bare soil while holding the soil together 

and their roots serving as barriers against run-offs. The characteristic features of plants in land reclamation and erosion control is 

that their strong spreading roots help to hold the soil particles together (Adams, et al., 2002). Most of the incidences of soil erosion 

in urban centres can be minimized if appropriate and well planned tree planting is combined with other developmental activities. 

Trees such as Terminalia catappa has strong spreading roots that can hold the soil together. Planting of drought resistant trees such 

as Azadirachta indica and Acacia spp in the Northern part of the country could be effectively used to checkmate the deleterious 

effects of wind storm common in Kano, Borno and Sokoto States. Adams et al., (2002), found that the wind breaking effect of trees 

has caused the reduction of wind speed by as much as 30%-50%.Trees and shrubs should be systematically arranged in the direction 

of the prevailing wind in order to form strong obstruction and resistance against the speed of turbulent windstorm and consequently 

check its devastating effects. 

 

Landscaping Plays a Big Role in Sustainability 

Sustainability is so crucial that the United Nations has a blueprint of 17 Sustainable Development Goals. They address things like 

climate change and environmental degradation. Good landscapers prioritize the health of the environment. They are at the forefront 

of techniques and innovations dealing with energy efficiency, clean water, clean air, and more.  

 

Landscaping Improves Peopleôs Mental and Physical Health 

Studies consistently show that being in nature is good for a personôs mental health. It can improve their memory, reduce stress, and 

boost feeling of happiness. Nature is so powerful that something as small as one tree or a single houseplant can improve mental 

health. Plants such as Araucaria spp, Grevillea robusta and Agava sisalana (A Handbook of Landscape, 2013) are very useful for 

this purpose. Having access to quality urban green spaces and spending time outside exercising, playing, socializing, enjoying 

nature, relaxing is healthy for the body and mind. Green spaces encourage and increase physical activity, leading to numerous 

health benefits relevant to cardiovascular disease, diabetes, hypercholesterolemia, osteoporosis, mood disorders, psychological 

issues and overall health.  Researches have confirmed that urban landscapes enhance the health and quality of life of city dwellers. 

One of the first studies on plants and psychology confirmed that hospital patients recover more quickly when they have a view of 

nature.  Some newer hospitals around the country are incorporating this into their design and landscaping, as are some Japanese 
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hospitals with ñecology gardensò.  Restorative gardens are used in many hospices for treating patients.  A more recent study showed 

that office workers with a view of nature are more productive, report fewer illnesses, and have higher job satisfaction.  Interior 

plants also can be beneficial to workers, increasing productivity and reducing stress. Studies in public housing neighborhoods show 

that having trees can lower levels of fear, reduce violent and aggressive behavior, and encourage better neighbor interactions. 

Weeding for one hour is equivalent to walking or cycling at a moderate pace, burning 300 calories.  Pushing a mower for an hour 

is the same as playing tennis, burning 500 calories.  One study specifically on women showed that those between the age of 50years 

and above who gardened at least once weekly had higher bone density than those who did common exercises such as aerobics, 

walking, or jogging.  The Sloan Kettering Institute in New York found that if women spend time in a garden they recover more 

quickly from breast cancer. 

 

Landscaping Adds Value to an Area 

Landscaping is not only good for the environment and peoplesô mental health but adds value to an area. It is no secret that when 

someone intends selling their homes, their landscaping affects the asking price. Urban landscapes create dynamic and inviting 

public spaces that attract people and encourage them to engage in meaningful social interaction. Good landscaping also encourages 

surrounding houses and areas to step up their game. Plants provide a variety of aesthetic values and accentuate the architectural 

design of buildings. Avenue plants such as Thuja plicata, Lagaestromia indica, Caryota mitis, Juniperus chinensis, Hura crepitans 

on our roads and pedestrian walkways create a safer restful and scenic view and provide shade to the pedestrians and other road 

users. Trees in a single or double row have strong visual impact. This arrangement is suitable for the urban or built environment 

(Adams et al., 2002; Orewere et al., 2019). On Rivers State Universty Campus trees such as Terminalia mantaly, Casuarina 

equisifolia, Polyathia longifera, royal palm and others are planted along avenues, roads and pathways, though most of 

these trees are old, partly rotten and wolfed which requires replacing. 

 

 

 
Plate Landscaping with different plant and tree species of Rivers State University, Port Harcourt, Rivers State 

Source: Field work, 2022 

 

Well-Maintained Landscaping Protects Homes and Buildings 

The presence of plants (trees) is worthwhile, but there is a balance required. If left to her own devices, Mother Nature will take 

over. For homeowners, this can be a serious problem. The roots of trees and plants can damage the foundation of a house and get 

into the plumbing. Overgrowth from branches can also cause issues, though these are usually easier to spot quickly. For nature and 

humans to live in harmony, healthy maintenance is necessary. 
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Modification of Temperature 

Landscape planting especially trees and shrubs modify solar radiation, for example through provision of shade. The amount of 

radiant energy absorbed, stored or radiated by buildings and concrete surfacing in the living environment is significantly reduced 

by shading. Evapotranspiration in planted landscapes helps reduce sensible heat which warms air and the result is reduced 

temperature. It is estimated that tree planting around houses reduces energy for cooling by 10 to 50% and in temperate climate 

where heating may be needed, it is reduced by 4 to 22% (NNA/ISSA, 1991; Mbah, 2001). 

 

Improves Water Quality 

Plants help anchor soil and reduce storm water runoff, saving the high costs of drainage ditches, storm sewers, and other ñengineered 

solutionsò to storm water management. A Street lined with 32ô tall trees can reduce runoff by almost 327 gallons, allowing cities 

to install smaller and less expensive water management systems. Reducing runoff also decreases topsoil erosion and the amount of 

silt and other pollutants washed into streams, rivers and lakes (A Handbook of Landscape, 2013). 

 

Fences/Boundary Demarcation 

Plant species such as Duranta rupens, Dodonea viscosa, Hibiscus spp., Thevetia peruviana, Rosa sinensi are used in constructing 

fences in our surroundings. While popular woody species such as Lonchocarpus cyanescens, P. santalinoides, Millefia thonningii, 

Jatropha spp., Dracaena mann Thevetia peruviana, Moringa oleifera, Calotropis procera, serve for boundary demarcation in both 

urban and rural landscapes in Nigeria. They demarcate boundaries between church lands, school lands and farm lands (Omokhua 

et al., 2002).   While Trees species such as Terminialia mantalis Caesalpinia pulcherrima, Tectona grandis, Terminalia catappa 

are often used as windbreaks to shelter sensitive crops (A Handbook of Landscape, 2013). Fences around private buildings provide, 

restrict movement of domestic animals and eliminate trespasss. They are also used in primary, secondary and tertiary institutions 

in game courts. 

 

Conclusion 

This paper has stressed the need for landscaping of Port Harcourt with trees and woody species due to its benefits to the city 

dwellers and its environs to combat and cleans the soot-pollution. The government should take the issue of landscaping seriously 

both in terms of design and during building construction in Port Harcourt metropolis. It also give a details importance of landscape 

design in respect to having a sustainable environment and as we look forward to having a better, finer, healthier and cleaner Port 

Harcourt city.  

Improving the quality of life, human well-being and biodiversity are currently important policy drivers in metropolitan areas and 

megacities through urban green space. Green spaces are one of the most important wildlife habitats in the urban area. Herbaceous 

vegetation is an increasingly essential element of the urban landscape. Currently, public and professional urban designers 

increasingly accept naturalistic planting design, semi-natural grassland and meadow in the urban landscape. Both native and exotic 

species have an essential role in naturalistic planting design. Understanding the process of climate change adaptation is necessary 

to designing plant communities for use in public landscapes. 

 

Recommendation 

Based on these reviews, the following are recommended: 

ü Landscape design should be part of buildings and any building that does not have a proper landscape design should not 

be approved. 

ü Urban planners should always visit the site during construction to ensure buildings are constructed according to design. 

ü There is the need to inculcate more studies on the importance of landscaping, landscape planning and other environmental 

issues into the primary, secondary and tertiary curriculum. 

ü Professionals in landscape planning and other related disciplines (Horticulturists, landscape planners) should be 

employed in the Planning and Horticulture unit to handle issues of landscape design and planning in development of 

housing estates in the city.  

ü There should be need for adequate funding of landscape projects as well as sensitization to residents on the importance 

of an aesthetic environment as well as compel residents to show more concern and respect for the environment. 

ü There should be continuous and a well-structured maintenance schedule of landscape elements of the housing estates to 

sustain the beautification of the environment. 

ü Establish new forest zones and Carry out community orientation, workshops and enlightenment campaigns on climate 

change and reduction of carbon footprint 
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Abstract 

Regarding the conservation of biodiversity in underdeveloped-nations, it is impossible to overstate the importance of cultural and 

religious beliefs and practices. For decades in Africa, traditional and religious forests have played significant roles in sustaining 

biodiversity and variety of ecosystem functions. However, a number of reasons, such as urbanization, population growth, and shifts 

in land use patterns, are presently endangering these forested areas; as a result, there is rise in demand for agricultural land that 

is much more fruitful for forests production. Majority of the population is now adopting widespread Christianity or Islam as a 

religion, which could encourage the deterioration of some indigenous traditional and religious beliefs, practices, and values and, 

consequently, have an impact on ancient times of religious beliefs and biodiversity preservation. Traditional and religious practices 

have greatly contributed to the conservation of biodiversity in a number of ways, including: preserving some plant and animal 

species that are listed by the IUCN as vulnerable or near threatened; conserving soil and water in forest estates, thereby preventing 

soil erosion. Additionally, these sacred forests provide a source of water, medicinal-herbs, and income for daily living. In addition 

to providing significant ecological, environmental, and social services to their host communities, these sacred forests preserve the 

local biodiversity. They also improve local hydrological dynamics, mitigating climate change, among other functions. Therefore, 

in order to raise the level of conservation in these forest areas for climate change mitigation, this study suggests that traditional 

and religious actors be valued and supported. 

 

Keywords: Beliefs, Biodiversity, Fauna, Forest, Preservation, Sacred. 

 

 

Introduction  

Despite commitments from world leaders to substantially slow this rate of biodiversity loss, the rate of habitat loss at the global 

level has not declined in recent decades (Butchart et al., 2010). Due to a rising emphasis on economic development and growth, 

the country today faces serious environmental issues such as land degradation, coastal erosion, water pollution, deforestation, and 

desertification (Jiboye et al., 2019). Therefore, it is essential to understand and sustain any societal customs or other procedures 

that might help to preserve or conserve the environment in African countries. 

If not all, then the majority of religions and belief systems have a deep connection (direct or otherwise) with nature. These spiritual 

ties are attested to by the books of the main religions, including the Bible (Christianity), the Qur'an (Islam), and traditions, as well 

as their practices and rites. The most striking example of the spiritual link may be seen in the landscapes of religious communities 

all over the world, where there are sacred trees, groves, and woods. In Nigeria, there are many communities and people who are 

connected to the forest or wildlife on a spiritual, religious, or cultural level. Traditional wisdom and religious doctrine are essential 

for the conservation of natural resources (forests, water, and agro-ecosystems). Indigenous knowledge plays a significant role in 

sustainable natural resource management, traditional culture, and livelihoods. It is typically intertwined with local religious beliefs, 

rituals, folklore, and land use practices (Parrotta et al., 2007; Liu, 2007; Yuan et al., 2012). 

 

Prominence of Traditional and Religious Beliefs and Practices on the Conservation of Biodiversity 

Most people consider traditional and religious woodlands to be sacred. Native forest habitats or vegetation that has special spiritual 

importance to humanity are traditionally safeguarded by traditional councils, priests, and/or local communities using a variety of 

cultural beliefs and customs. These regions serve as typical illustrations of in-situ biodiversity conservation systems (Onyekwelu 

and Olusola, 2014; Ray et al., 2014; Daniel et al., 2015; Ray et al., 2015; Daye and Healey, 2015). 

Traditional and religious forests have made a significant contribution to the preservation of wildlife and forest resources; this adage 

is generally acknowledged. As a result, cultural and religious beliefs and practices frequently make a big difference in the 

preservation of forests, potentially acting as a crucial instrument for environmental protection. For instance, tree-ordination 

ceremonies in Thailand have been used as a sociopolitical tool to influence the government to slow down environmental devastation 

(Tannenbaum, 2000). By forbidding a specific conduct, other standards, which could be classified as social taboos, may safeguard 

the environment. All sacred forest ecosystems (holy groves) share a connection to gods and goddesses (Chandrakanth et al., 2004), 

which frequently leads to local communities protecting these areas on moral or religious grounds (Onyekwelu and Olusola, 2014). 

Results from multiple linear regressions, according to Adeyanju (2020), revealed that the respondents who were working and had 

a monthly income were more likely to concur that religious and cultural advantages are what drive biodiversity protection in sacred 

groves. Adeyanju report contrasted with a mindset that said more prosperous and financially secure people tend to become less 

eager to participate actively in religious institutions and more wary of superstitious beliefs (Norris and Inglehart, 2011). 
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Belief and Practices towards Forest and Products Conservation 

Some plant species are held in high esteem, t hey might not always be destroyed, eaten, or touched. The Akan people of Ghana are 

one group who practise this, and one instance of this is the "tradition of the totem plant," in which several clans have wild plant 

species as their totems, from the raffia palm Raffia hookeri to the leopard Panthera leo (Ntiamoa-Baidu, 2002).Traditionally, such 

species are mostly protected by members of the clan. Use of leaves from the Newbouldia laevis tree, also known locally as the 

"Akoko," is a typical Yoruba rite in south-west Nigeria for the crowning of traditional leaders and the awarding of chieftaincy titles 

(Babalola, 2011). Such trees, among others, are highly safeguarded and kept from going extinct as a result of this significant use, 

supporting the essential contribution holy groves provide to biodiversity preservation (Babalola, 2011). Local authorities in the 

Benin Republic prevented the disrespect of sacred trees by strictly enforcing cultural taboos and restrictions among the native and 

immigrant populations in the riparian settlements (Ceperley et al., 2010). 

It is also common in many rural African communities to find small patches of forest set aside as sacred and accorded strict protection 

under customary laws (Figure 1). Others instances of these religious forest areas include: Obibagwa, Ohuma, Oyinyi-Oyeche, and 

Ebonda Ipenu-Igede forest in Benue state (Nigeria); Akai Mbiam, Akai AnwaIbok, Akai Uya all in Akwa Ibom state (Nigeria) 

(Daniel et al., 2016); Umuojima-Efere Umuogwo, Mgbedeala in Abia State (Nigeria) (Chima and Nuga, 2011); Idanre Hills at 

Oke-Idanre, Ondo State (Nigeria) (Adeyanju et al., 2022); Igbo-Ile sacred grove at Ibere Ogo Oluwa Oyo State (Oyelowo et al., 

2014), and Igbo-Oba at Oba Ile Olorunda in Osun State (Oyelowo et al., 2014). 

Number of studies have shown that even in heavily humanised landscapes, traditional and religious forest areas are significant 

refuges for biodiversity and fauna, including edible plants, medicinal plants, and vegetables that contribute to household income 

(Udoakpan et al., 2013; Ray et al., 2014; Balachandran et al., 2015; Daye and Healey, 2015). There are many different reasons for 

this status, including forests that serve as royal burial grounds, forests along the banks of significant rivers that provide water to a 

village community, forests with historical significance in a particular people group's culture, or patches of forest that are home to 

totem species (Soutter, 2003). 

 

 
Figure 1: Sacred Tree (Ficus polita) around a Posurban Shrine in South Ghana  

Source: (Britt and Tinde, 2011). 
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Table 1: Most Sacred Tree Species in Ghana 

S/N Family Species name  

1  Bignoniaceae  Newbouldia laevis  

2  Santalaceae  Okoubaka aubrevillei  

3  Fabaceae  Dalbergia sp.  

4  Fabaceae  Daniellia ogea  

5  Leguminoseae  Distemonanthus benthamianus  

6  Lamiaceae  Ocimum americanum  

7  Euphorbiaceae  Croton gratissimus  

8  Cucurbitaceae  Momordica charantia  

9  Asteraceae  Ageratum conyzoides  

10 Malvaceae Ceiba pentandra 

11 Fabaceae  Dalbergia sp.  

12 Santalaceae  Okoubaka aubrevillei  

13 Fabaceae  Daniellia ogea  

14 Leguminoseae  Distemonanthus benthamianus  

15 Malvaceae  Ceiba pentandra  

16 Fabaceae  Dalbergia saxatilis  

17 Moraceae  Milicia excelsa  

18 Combretaceae  Combretum comosum  

19 Passifloraceae  Adenia dinklagei  

20 Fabaceae Baphia nitida 

Source: (Britt and Tinde, 2011). 

 

At Akai Ekpe, (Forest of the Masquerade), is a traditional and religious forest area at Amammong-Okobo in Akwa Ibom state, 

which is the exclusive meeting place for members of the Ekpe cult; all uninitiated, including visitors, are not allowed access (Daniel 

et al., 2016). Other strict traditional and religious forests in the area include - Iso Idim Ekpo and Owuk Ntuk-enyen, among others 

(Table 2). 

 

Table 2: Sacred Forests that Studies are not allowed by the Communities due its sanctity/sacredness 

Traditional/religious 

forests  

Category of uses  Explanation  

Iso Idim Ekpo  Water source  The grove provides water for the community all year round.  

Owuk  

Ntuk-enyen  

Children burial  

Ground  

Used primarily for burying Children who die below the age of 7years, often 

believed to belong to ótransitoryô group.  

Akai Ekpe  Meeting/worship/ 

Sacrifice  

An abode for 'Ekpo' diety where the Ekpe cult members meet and where 

'Ekpe host' are consulted to avenge rivals or assist in war.  

Source: Daniel et al. (2016). 

 

Belief and Practices towards Fauna Species Conservation 

In most rural places, where choices about the exploitation of regional natural resources are greatly influenced by traditional 

authorities, traditional knowledge is still highly prevalent. In some instances, it is common practice to regulate the exploitation of 

species that have a connection to the community on a material or spiritual level (Etiendem et al., 2011). Forests that are traditionally 

used for religious purposes serve as an example of African heritage that protects both the physical and non - physical values of the 

populace. Relationships between nature and communities are primarily shaped by cultural values and social conceptions of nature 

and the environment. While culture may favor biodiversity protection in the short term, if the authorities ignore the significance of 

simultaneously encouraging active local community engagement in protected areas, such an approach may fail to sustain 

biodiversity in the long run (Adeyemi and Ayinloye, 2020). 

The protection of faunal species has benefited enormously from traditional and religious practices in a variety of ways. The 

significance of the sacred grove (Osun-osogbo, Nigeria) to sustainable biodiversity management in Nigeria was revealed by 

Adeyemi and Ayinloye in 2020. According to their findings, there are serious penalties for violators of the laws against poaching, 

tree cutting, farming, fishing, chemical water pollution, and the construction of unauthorised constructions (Table 3). "Regardless 

of gender or color, anyone who breaks the ancient rules faces death, the goddess' wrath or inundation, imbecility or insanity, and 

unproductiveness; however, consequences based on conventional laws are less severe and do not prevent future offenders from 

committing the crime" (Adeyemi and Ayinloye, 2020). 

A finding about the conservation of Cross River Gorillas (totem gorilla) was published in 2011 by Etiendem et al. According to 

their survey, the majority of their respondents (56 percent) were aware that gorilla hunting and eating were banned in their tribe 
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(Bechati, Fossimondi, Besali, Cameroon). Traditional councils are the major means by which the taboos are enforced. Defaulters 

are either penalized by arbitrary spiritual sanctions, such as sickness and/or death, or by other sanctions imposed by the head or 

elite members of the traditional council. People who shoot gorillas or chimpanzees in Cameroon may be punished by being barred 

from participating in community activities, banished from the area, made to perform certain rites, or compelled to pay a fine. For 

instance, the IUCN has classed Cross River gorillas as severely endangered since 2007, and their remaining habitats are dispersed 

widely (Etiendem et al., 2011).  

Conservationists have emphasized that the participation of nearby local communities will ultimately determine whether populations 

outside of protected areas (like the Bechati-Fossimondi-Besali population) survive (Oates et al. 2007). Traditional knowledge of 

wildlife is essential in such places where the conservation of endangered animals urgently requires the support of local communities, 

and until these belief systems completely disappear, incorporating them into conservation strategies is vital to the ongoing survival 

of the species they protect. 

According to Daniel et al. (2016), there are groves for certain purposes, some of which have few trees, such as the "Iso Idim Ekpo" 

(Akwa ibom-Nigeria), which translates to "the head from whence Ekpo's stream runs." As long as the ancient cultural ceremonies 

are carried out and the related divine commandments are obeyed by the people, it is apparent that these sacred activities have 

promoted biodiversity and wildlife conservation and will do so in the future. 

Depending on the community, a given fauna species may have a different religious meaning. For instance, the Luhya of Kenya's 

Busia District practise religion in which particular animals are frequently used in purification rites or to bind people to oaths (Gumo, 

1993). Some people, like the Luo, believe snakes to be sacred, especially pythons, which are protected species. The "Omweri," 

which was situated in Nyakach, Nyanza, Kenya, is a recent illustration. Many cultures link snakes to the afterlife or other human 

spirits; as a result, when these snakes visit people's homes, they are fed and watered. 

 

Table 3: Taboos associated with Sacred Grove in Nigeria 

Offences Punishment  

Hunting/Killing of animals  Death  Payment of fine or one-month jail term 

Felling of trees  Wrath of the Osun goddess/ Flood Payment of fine or one-month jail term 

Farming  Unproductiveness  Payment of fine or Jailed for one month 

Fishing Insanity Payment of fine or one-month jail term 

Water pollution Wrath of the Osun goddess Payment of fine or one-month jail term 

Building of unauthorized structures Wrath of the Osun goddess Payment of fine or one-month jail term 

Adeyemi and Ayinloye (2020) 

 

Due to the high rate of tree felling and poaching of fauna species around some traditional and religious belief areas, there is a high 

decline in biodiversity in both the outer and buffer zones of such areas. As obtained from our findings in Osun Osogbo sacred 

grove, the core zone of the grove contributed greatly to the conservation of some fauna species in the area (Table 4), which indicated 

a higher density of fauna than the outer and buffer zones. The area also plays a role in conserving some plant and fauna species 

that are tagged as vulnerable or near threatened by IUCN lists (Table 5). The values obtained indicate high values, which confirm 

that the study area (Core zone) is of rich tree and fauna species diversity. Due to high anthropogenic activity and encroachment, 

the buffer zone and outer zone of the grove had a low diversity index, species richness, and evenness for trees and fauna species. 

 

Table 4: Fauna Population Estimate and Density in the Study Area 

Locations Population Estimate Density(Pop/ha) 

Core 0.39 0.06 

Buffer  0.26 0.005 

Outer  0.21 0.003 

Source: Kuje and Ugbe (2022). 

 

Table 5: Some Vulnerable Plant and Fauna Species Conserved by Religious Practices in Osun Osogbo Sacred Grove, 

Nigeria 

Scientific name Families  IUNC status Type 

Soricidae spp Mammalia Vulnerable Fauna 

Phataginus tricuspis Mammalia Vulnerable 
Fauna 

Cercopithecus erythrogaster Mammalia Vulnerable 
Fauna 

Lannea welwitschii Anacardiaceae Near threatened Plant 

Milicia excels Moraceae Near threatened 
Plant 
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Scientific name Families  IUNC status Type 

Afzelia Africana Fabaceae Vulnerable 
Plant 

Nesogordonia papaverifera Malvaceae Vulnerable 
Plant 

Terminalia ivorensis Combretaceae Vulnerable 
Plant 

Source: Kuje and Ugbe (2022) 

 

According to Kandari et al. (2014), certain parts of India's fauna have traditional beliefs related to them. Panthera tigris is reportedly 

employed in both ceremonies and medicine, according to their study (Table 6). In Hindu mythology, the gods and the demons 

(Asura) churned the ocean during Sagar Manthan (Milk Sea Churning) in search of the nectar known as "Amrit," which gave them 

immortality. The "navratnas" (nine jewels) emerged from the churning. White elephants (Elephas maximus indicus), trees 

(Karpavruksha), and Kamadhenu are a few of these beauties (holy cow). Bos taurus has a unique position in Hindu mythology. 

Since ancient times, Hinduism has placed a strong emphasis on respecting animals. Lord Shiva's "vehicle" or "vahana" is the Bull. 

Peacocks (Pavo cristatus) are connected to the goddess Saraswati in Hindu mythology (goddess of education and knowledge). 

Thus, the feathers stand for traits like generosity, tolerance, and luck. In mythology, some snakes are regarded as "protectors," 

while others are seen as "harmful/destructive." A snake served as jewellery on Lord Shiva. Lord Vishnu rests atop Adiseshu, a 

snake with a thousand heads, in the milky sea (King Cobra). 

According to the epic Ramayana, Ravana and the vulture King Jatayau (Gyps indicus) engaged in a bloody struggle while 

attempting to kidnap Sita and bring her to his country of Lanka. The bird's attempt to save Sita from Ravana resulted in fatal injuries 

(Kandari et al., 2014). In India, squirrels are revered and should not be harmed since they are connected to Lord Rama. Lord Rama 

and the Vanara Sena built the Adi Sethu (bridge) at Rameshwaram, and a small squirrel (Ratufa indica) also made a small 

contribution. The Indian squirrel has had white stripes on its back ever since Lord Ramas touched its back in appreciation for the 

critters' devotion, and this is thought to be the mark of Lord Ramas' fingers. Varaha, a pig (Sus scrofa Linnaeus), was Lord Vishnu's 

third avatar. Varaha is frequently shown as having a human body and a wild boar head. The Hindu goddess Durga known as Varahi 

appears as a wild boar (Kandari et al., 2014). 

 

Table 6 List of some common Fauna and their associated beliefs 

Scientific name  Local name Beliefs/uses 

Panthera tigris Tiger Used in rituals and medicine. 

Elephas maximus 

Indicus 

Elephant Sacred/sacrifice/ritual 

Bos Taurus Bull Means of transportation during sacrifice 

Antilope cervicapra Black buck It is also known as Krishna Mruga in Kannada. 

Macaca mulatta Monkey Monkey is known to be associated in the army of Hindu god Hanuman hence 

considered sacred. 

Felis catus Cat Cats are associated with fertility and the goddess of birth, Shakti. 

Pavo cristatus Peacock Sacred 

Naja naja Snake The snake is commonly called (óNagô in Hindi language) is worshipped by 

people across the country. 

 Gyps indicus Indian vulture Sacred 

Ratufa indica  Squirrel Sacred 

Sus scrofa Linnaeus  Wild Boar Sacred 

Source: Kandari et al. (2014). 

 

Most cases of poaching of fauna species have significantly decreased in communities with stringent traditional and religious views 

and practises, largely as a result of these traditional values and practises. It has been suggested elsewhere that the existence of 

taboos against the species' exploitation is a successful local conservation approach (Banjo et al. 2006, Saj et al. 2006). The loss of 

respect for the ideas and customs that gave rise to the taboo, however, is imminent if they are not renewed. It is not impossible for 

a fading traditional or religious belief and/or practise system to be revived. For instance, in most developing countries, it is possible 

to reinstate traditional or religious practises or beliefs that support the protection and conservation of forests and forest resources if 

modern approaches are combined with traditional or religious councils as a tool for sustainable management.  

 

Belief and Practices towards Ecological Conservation 

Religious beliefs and practices contribute greatly to ecological conservation, through sacred groves management. Sacred groves 

offer a range of ecological benefits, including erosion prevention, windbreaks, soil conservation, hydrological cycle management, 

watershed protection, water filtration, and upkeep (Ormsby, 2012a; Udeagha et al., 2013; Oyelowo et al., 2014). Sacred groves 
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among other totem improve soil stability of a region and act as soil binders. In sacred areas, tree plants such as vetiver grass 

(Vetiveria zizanioides) and Eucalyptus spp. are maintained to bind the soil, thereby preventing soil erosion (Kandari et al., 2014).  

The North Pare natives of Tanzania acknowledged the ecological services that the sacred groves of Mpungi and Mshitu provided 

for the conservation of soil and water (Sheridan, 2009). Most communities and areas that settled on the banks of rivers around 

sacred or traditional areas are not only considered sacred but are also a source of water use for house chores. Small natural water 

bodies are maintained, near sacred and/or traditional areas to take care of drinking water problems during drought. Villagers are 

now improving the surrounding areas of water bodies with concrete structures to conserve natural flowing water bodies and 

maintain them in a hygienic condition. 

Traditional and religious forests vary widely in their size and functions; some of them are small fragments of forest (less than 1 

hectare), while others are more extensive, spanning well above 100 hectares (Udoakpan et al., 2013; Bhagwat et al., 2014; Daniel 

et al., 2015). Despite the size limitations and functions, these forests conserve local biodiversity and offer important ecological, 

environmental and social services to their host communities and also enhance local hydrological dynamics (Chandran et al., 2010; 

Hu et al., 2011; Udeagha et al., 2013; Daye and Healey, 2015; Balachandran et al., 2015; Ray et al., 2015). 

 There are many different traditional and religious rivers and bodies of water located in different locations. For instance (Figure 2): 

The Osun Sacred Grove On the outskirts of the city of Osogbo, is one of the last remnants of primary high forest in southern 

Nigeria. Regarded as the abode of the goddess of fertility, Osun, one of the pantheon of Yoruba gods, the landscape of the grove 

and its meandering river (Borokini 2016) is dotted with sanctuaries and shrines, sculptures and art works in honour of Osun and 

other deities. Erin Ayonigba River in Erinjiyan Ekiti, Ekiti West Local Government Area of Ekiti State, is a river with strange kind 

of fish. The river is said to heal various ailments.Other international sacred streams or rivers include (Arthur Griffin/Encyclopædia 

Britannica, Inc., 2020):  

The Urubamba River flows through the Andes of southern Peru. The Jordan River, which connects the Dead Sea with the 

Mediterranean, passes through Israel, Jordan, Lebanon, and Syria. It's sacred in both Judaism and Christianity for different reasons. 

Whanganui River New Zealandôs Whanganui River has long been sacred to the local MǕori, who view it as a living, breathing 

ancestor, and last year it became the first river in the world to be granted the same legal rights as a human being (Arthur 

Griffin/Encyclopædia Britannica, Inc. 2020).         

                                           

 
a.  Osun Sacred Grove Nigeria  
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b. Otamiri River (Sacred) in Imo, Nigeria  

Source: (Encyclopedia, 2022-https://en.wikipedia.org/wiki/Otamiri_River; accessed 6/8/2022) 

 

 

 
(c). Erin  Ayonigba River in Ekiti  Nigeria. 

Source: Priscilla Ediare (2020). 

 

Economic Benefits of Biodiversity Conservation by Traditional and Religious Beliefs and Practices  

A sacred grove's level of care and protection is typically determined by the value given to it (Aniah and Yelfaanibe, 2016). The 

celebration of traditional festivals and the worship of gods, whether privately or publicly, are common practises in numerous sacred 

groves in south-west Nigeria. For instance, one of the major events observed on the hills in Idanre is the Orosun festival (Adebayo, 

2016). The grove is home to the annual Osun Osogbo festival, which draws thousands of guests, tourists, and pilgrims each year 
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(Probst, 2013). In Southern Nigeria, sacred trees are used as gathering spots by distinctive groups of people to make significant 

decisions (Daniel et al., 2016).  

Regular visits to the groves by domestic and foreign tourists directly support host communities, although the scale varies from 

grove to grove (Ormsby, 2012b; Udeagha et al., 2013; Oyelowo et al., 2014; Adigun et al., 2016). Hotels, restaurants, tour guides, 

transportation services, and other service providers are examples of local businesses found in sacred sites. They make a good living, 

as do outside businesses that are only open for the festivals. With the support of the governmental and non - governmental 

organizations, this worldwide festival has grown to be a multi-million dollar event (Onyekwelu and Olusola, 2014). A crucial 

justification for preserving the groves is the fact that they have boosted the reputation and popularity of the various villages that 

surround the sacred trees where they are located. 

Communities in Ghanaian, Nigerian, among other countries are motivated to safeguard and sustain sacred groves by economic 

incentives brought on by jobs, tourism, and revenue generating (Ormsby, 2012b; Onyekwelu and Olusola, 2014). Ecotourism 

development was suggested as a substitute strategy to encourage local residents in Zanzibar, Tanzania, to preserve the last few 

sections of sacred forests (Madeweya et al., 2004). Ecotourism revenue lessens the impact of local economic challenges, which in 

turn deters the destruction of sacred forests (Nyamweru and Kimaru, 2008). Successful ecotourism implementation in Kenya's 

sacred Kaya woodland was founded on a strong institutional structure, backing from outside organisations, and full local 

community participation (Nyamweru and Kimaru, 2008). Even though tourism benefits the economy, if it is not properly controlled, 

mass tourist could endanger sacred trees. Increased pressure from visitor numbers could have detrimental effects on the 

environment, problems with solid waste management, and loss of cultural integrity (Adeyanju, 2020). 

 

Conclusion 

Most local people are now embracing widespread Christianity or Islam as an alternative religious belief with little or no interest in 

forest conservation through religious practices, while gradually abandoning traditional and cultural beliefs and practices. 

Traditional and religious practises have greatly contributed to the conservation of plant and fauna species in a number of ways, 

including: preserving some plant and fauna species that are listed by the IUCN as vulnerable or near threatened; conserving soil 

and water in forest estates, thereby preventing soil erosion; conservation of water catchment areas which serve as sources of 

drinking water and other sources of medicinal herbs; and revenue for daily living. In addition to providing significant ecological, 

environmental, and social services to their host communities, these traditional and religious forests preserve the local biodiversity. 

Traditional beliefs and practises help to improve local hydrological dynamics, mitigating climate change among other functions. 

Therefore, in order to raise the level of conservation in these forest areas for climate change mitigation, this study recommends that 

Christianity and/or Islam can conserve forest estates by carrying out some key holy practises in the forest estate as practised by 

traditional priests. Also, traditional and religious actors should be valued and supported in order to increase the level of traditional 

and religious biodiversity conservation. Most lost taboo systems can be brought back through the influence of local conservation 

organizations, such as Christians, Islam, and traditional councils or religious authorities. 
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Abstract 

Due to increase in population and farming activities most farmers remove trees from their farm lands for more farming spaces 

instead of maintaining them for improving fertility of the soils leading to soil degradation. Trees specie investigated were 

Azadirachta indica, Mangifera indica, Adansonia digitata, Parkia biglobosa, Eucalyptus camaldulensis, Moringa oleifera, 

Diospyros mesiliformis and Vitellaria paradoxa. Three line transects of 300m were laid at 100m interval on farmlands. Soil samples 

under the tree species and 50 m away from the trees canopies (open land) were collected at 0-30cm depth at tree cardinal points 

using soil auger and analyzed.  Textural classes of the soils were found to be loamy sand under Azadirachta indica, Diospyros 

mesiliformis, Vitellaria paradoxa, Tamaridus indica, Mangifera indica, Adansonia digitata and sandy loam under Eucalyptus 

camaldulesis and Moringa oleifera. The pH values of the samples were 7.78 and 5.38 under Eucalyptus camaldulensis, and 

Diospyros mesiliformis, respectively. Organic carbon ranges from (0.20%) under open land to (1.14%) under Diospyros 

mesiliformis. Total nitrogen (%) was lower at open land (0.05) and higher under Eucalyptus camaldulensis (0.40). However, soils 

under Eucalyptus camaldulensis had the highest content of Calcium (4.31cmol/kg), Phosphorus (15.21cmol/kg) and CEC 

(6.35cmol/kg) compare to the soils under other plant species. Farmers in the area of study should be advised to plant and conserve 

trees especially Eucalyptus camaldulensis due to its highest value of CEC which is the most significant factor in improving fertili ty 

status of farmland soils. 

 

Key words: Tree diversity, Soil, Physico-chemical property, Farmland trees. 

 

 

Introduction  

Trees have always existed on lands whether cultivated or not. In early days farmers in tropics use existing trees or plants trees for 

some purposes like shade fire wood and fruits. Over the years they come to realize that trees have certain desirable role that they 

play on the soils which they uses to cultivate agricultural crops, this was simply by noticing better performance of crops grown 

under trees than those grown beyond the canopies of trees. Soil is a vital resource for human survival; it is a mixture of organic and 

inorganic materials on the immediate surface of the earth that serves as a natural medium for the growth of plants. The organic 

component of soil is made up of micro-organisms (dead and alive), and plants in varying stages of decay called humus. It improves 

soil structures and allows soil to store moisture, providing energy for soil microorganisms to make soil tillable for farming and 

provides nutrition for plants. The nutrients required by plant in relatively large quantity are nitrogen (N), phosphorous (P) and 

potassium (K) commonly referred to as N P K, Efretuei (2016). It has been observed that as the fertility of soil declines, soil 

structure weakens and the soil becomes susceptible to erosion (Adetunji, 2004). Soil biodiversity and its physical properties that 

control water movement and retention in the soil are largely affected due to animal activities (Young, 1999). The important of tree 

based land use systems in restoring soil fertility and improving the economy of farmers having small land holdings has been realized 

during the last two decades (Long, 1999). Trees help to maintain soil organic matter and improve physical properties and supply 

nutrient in farmland. Thus, integration of trees into farming system could go a long way to help in crop growth and enhancing the 

recycling of materials to provide a more complete ground cover which help to protect the soil from erosion and moderate extreme 

temperature (Adedire, 2004). 

The problem under the study area is that most of the farmers remove trees from their farm land for more farming space, charcoal 

production and to reduce shading effect on crops instead of maintaining them for improving fertility of soils. Thus, this research 

can be fundamental to providing crucial information on soil protection and fertility improvements by trees, there by subsequently 

enhance farmers to protect and plant trees on their farm land, as in a greater part of Africa and indeed Nigeria, trees are a common 

feature in many farms particularly in subsistence agriculture. Therefore, this study was designed to investigate physico-chemical 

properties of soils under some selected tree species on farmlands in Gafan village, Bunkure local government, Kano state.  

 

Materials and methods 

Study Area.            

Bunkure local government is located between Latitude 110 34` 02òN to 110 46ǋ 05òN of the Equator and Longitude 80 26ǋ 36òE 

to 80 46ǋ 43òE of the prime meridian (Figure 2). The research was conducted at Gafan Village in Bunkure local government area 

of Kano state and is located between latitude 110 40ô09òN of equator and Longitude 80 27ô8òE. 

 

 

 

mailto:adamubnusmanu96@yahoo.com


Physico-chemical properties of soils under trees species on farmlands ééé.. Adamu et al. 

 
 

Proceedings of the 8th Biennial Conference of the Forests & Forest Products Society, 
Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

 

84 

Sample Collections  

Eighteen (50m x 50m) plots were used for this study.  Three lines transects of 300 m long were laid at 100 m intervals. On each 

transect, six plots of size 50 m × 50 m (0.25 ha) were alternately laid at 50m intervals including an open land 50 m x 50 m away 

from the trees canopies. Eight (8) tree species were found in the farmland which were as follows; Azadirachta indica, Eucalyptus 

camaldulensis, Adansonia digitata, Moringa oleifera, Mangifera indica, Tamarindus indica, Diospyros mesiliforms and Vitellaria 

paradoxa. Soil samples were collected from under the identified trees species on the farmlands at depth of 0 - 30cm at four cardinal 

points, using soil auger. The samples were air-dried, sieved with a 2 mm sieve, and put in plastic bags and properly tagged according 

to Marditech (2011), which later were taken to Soil Science Laboratory of Bayero, University Kano for physico-chemical analysis.  

  

Soil analysis  

The samples collected were analyzed for physico-chemical properties. The particle size was determined by Bouyocous hydrometer 

method (Bouyocous, 1951) and the textural class by soil texture triangle (USDA, 1960), soil pH by the used of pH meter as 

described by Blackman (1965); organic carbon content was determined by dichromate wet oxidation method as described by Wolf 

(1982); N content by Micro-Kjedhal method as described by Bremmer (1965); available phosphorus (P) was extracted using the 

Bray 1 method (Bray and Kurtz, 1945); exchangeable bases (Ca, Mg, K and Na)  using 1M ammonium acetate solution (Anderson 

and Ingram, 1993) and CEC was estimated by summation of exchangeable bases. 

 

Data Analysis  

The data collected on the physico-chemical properties of the different soil samples were subjected to analysis of variance using ñFò 

TEST as described by Snedecor and Cochran (1967) where significance was showed by ñFò test. Genstat (17th Edition) was used 

for ANOVA and significant different means were separated using Duncan`s multiples range test.  

 

Results 

Diversity and Frequencies of Tree Species Found on the Study Area  

Tree species found on the farmlands of the study were presented on Table 1. The result indicated that Azadirachta indica had the 

highest frequency of 15 stands, followed by Adansonia digitata with total frequency of 12 stands then Moringa oleifera 8 stands, 

Eucalyptus camaldulensis 6 stands, Vitellaria paradoxa 5 stands and Mangifera indica 5 stands, while trees specie with lowest 

stands were obtained to be Tamarindus indica 4 stands and Diospyros mesiliformis 2 stands. 

 

Table 1: Tree species in the study area 

SN          TREES SPECIES                            LOCAL NAMES                            FREQUENCIES 

1 Eucalyptus camaldulensis Turare           6 

2  Azadirachta indica  Darbejiya           15 

3  Diospyros mesiliformis  Kanya           2 

4 Vitellaria paradoxa   Kadanya           5     

5 Moringa oleifera  Zogale            8 

6 Tamarindus indica   Tsamiya            4 

7 Mangifera indica   Mangwaro            5 

8 Adansonia digitata   Kuka            12 

 

Physical Properties and Particles Size of Soils of the Study Area  

Table 2, shows the Result of physical properties and particles size of the soil samples. The result indicated that sand particles ranged 

between (76.00 - 86.00%). Soils under Vitellaria paradoxa, Tamarindus indica and Adansonia digitata recorded the highest sand 

particles size (86.00 - 84.00 ) and there textural class was loamy sand, while soils under Mangifera indica, Diospyros mesiliformis 

and Azadirachta indica  sand particles size was between (80.00 - 82.00). The result also indicated that sand particle size of the soil 

samples obtained under Moringa oleifera and Eucalyptus camaldulensis was between (78.00 and 76.00%) which was obtained to 

be the lowest particle size of sand and its textural class was sandy loam. This indicated there was a difference between the soils 

under the different trees species. The sand fraction in the soil falls in to the categories of sand textural class (Brady, 1999). 

Percentage silt ranges from (15.00 -17.00%). The highest value of silt was observed with soil samples under Diospyros mesiliformis 

(17%) followed by Eucalyptus camaldulensis (15.00%), Tamarindus indica (13.00%), Mangifera indica (11.00%), Azadirachta 

indica (11.00%), and Adansoia digitata (9.00%), while The lowest value of silt particles size was obtained with soil samples around 

Vitellaria paradoxa and Moringa oleifera (5%) each. This shows that there was a difference in silt level between the tree species 

which indicates low silt level in the soil samples. Percentage of clay particles size was presented in (Table 2).  It shows that clay 

particles size ranged from (12 - 2%). The higher value of clay was observed with soil samples under Moringa oleifera (12%) 

followed by Vitellaria paradoxa, Azadirachta indica, open land of 50 m away from trees canopies and Eucalyptus camaldulanesis 

(10%), each, Mangifera indica and Adansonia digitata (8%) each, respectively, while the lowest value of clay particles size were 

recorded with soil samples under Tamarindus indica (4) and Diospyros mesiliformis (2). There was difference in pH between the 
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soils under the tree species. Result of the analysis revealed that the pH of the soils was found to be higher under Eucalyptus 

camaldulensis (7.78) followed by Diospyros mesiliformis (7.16), open land (6.54), Adansoia digitata (6.05), Azadirachta indica 

(6.01), Moringa oleifera (5.97) Mangifera indica (5.94), Vitellaria paradoxa (5.59), and was lower under Tamarindus indica (5.38).  

 

 

Table 2: Physical Properties of the Soil Sample under Different Tree Species at Gafan Village 

                                          PHYSICAL PROPERTIES  

TREE SPP   Sand (%)  Silt(%)  Clay (%) Textural class  pH (H2O) 

Ec  76  15  10  Sandy loamy  7.78 

Ai   80  11  10  Loamy sand  6.01 

Dm  82  17  2  Loamy sand  7.16 

Vp  86  5  10  Loamy sand  5.59 

Mo  78  5  12  Sandy loam  5.97 

Ti  84  13  4  Loamy sand  5.38 

Mi   82  11  8  Loamy sand  5.94 

Ad  84  9  8  Loamy sand  6.05 

OL            80                   12                  10                    Loamy sand               6.54 

Trees specie Ec= Eucalyptus camaldulensis, Ai= Azadirachta indica, Mo= Moringa oleifera, Dm= Diospyros mesiliformis, Mi= 

Mangifera indica, Vi= Vitellaria paradoxa, Ti= Tamarindus indica,  Ad= Adansonia digitata, OL= Open Land 

 

Chemical Properties of the Soil Samples 

Table 3 presents the chemical properties of soil under different trees species in the area of study. The result obtained from the soil samples 

analysis indicated that soil around Eucalyptus camaldulensis and Moringa oleifera were statistically at par in CEC content but significantly 

higher than the soils around the remaining tree species which were obtained to be statistically the same but in turn higher than the open 

land soil. The result also showed that Calcium (Ca) content of the soils around Eucalyptus camaldulensis and Diospyros mesiliformis 

statistically at par were significantly higher in Ca than soils around Moringa oleifera which was also significantly higher than soils around 

the remaining tree species including soil of open land statistically at par also. Soils under Tamarindus indica and Mangifera indica had the 

same amount of Potassium (K) concentration but significantly than soils around Eucalyptus camaldulensis, Vitellaria paradoxa and 

Azadirachta indica which were statistically similar also but significantly higher in K than Adansonia digitata that was obtained to be higher 

than the soils around Diospyros mesiliformis and Moringa oleifera statistically the same but in turn significantly higher than soil of open 

land. Magnesium (Mg) content, result obtained shows that soil of open land was significantly higher in Mg than Eucalyptus camaldulensis 

and Mangifera indica which were statistically similar but significantly higher in Mg than Adansonia digitata and Vitellaria paradoxa also 

statistically at par but higher than soils around Azadirachta indica and Tamarindus indica which were also the same but significantly 

higher than soils around Moringa oleifera which was in turn significantly higher than soil around Diospyros mesiliformis. Nitrogen (N) 

content, the result showed that there was no significant difference among the different soils around the trees specie of the study area but 

higher N was obtained with soil around Eucalyptus camaldulensis while lower was recorded with soil of open land. Sodium (Na) content, 

result recorded revealed that Na content of the soils around Vitellaria paradoxa was significantly higher than that of soils around Diospyros 

mesiliformis, Eucalyptus camaldulensis, Adansonia digitata, Mangifera indica, Moringa oleifera and Azadirachta indica statistically the 

same but significantly higher than soils around Tamarindus indica and open land. Organic Carbon (O.G) content the result obtained showed 

that O.G content of the soils indicated that soil around Diospyros mesiliformis was significantly higher in O.G than soil around Eucalyptus 

camaldulensis and Mangifera indica statistically at par but significantly higher than soils around Moringa oleifera, Vitellaria paradoxa, 

Adansonia digitata, Azadirachta indica and Tamarindus indica  all statistically at par with one another but significantly higher than the 

soil of the open land that recorded the lowest O.G content. Phosphorus (P) content, the result indicated that soil around Eucalyptus 

camaldulensis was significantly higher in P than soils around Mangifera indica and Azadirachta indica which were statistically similar but 

significantly higher in P than soil around Vitellaria paradoxa and Adansonia digitata that was obtained to be at par but in turn significantly 

higher than the soils around Diospyros mesiliformis, Tamarindus indica and open land soil statistically the same. Trees specie percentage 

(TSP), result obtained indicated that there was no significant difference among the trees specie.  
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Table 3: Chemical properties of soil under different trees species at Gafan, Bunkure L. G. A 

 CHEMICAL PROPERTIES 

TREE        

SPECIES 

TSP CEC 

(cmo/kg)       

   Ca  

(mg/100g) 

     

K(mg/100g

) 

 Mg 

(mg/100g) 

    N 

(mg/100g) 

    Na 

(mg/100g) 

O.G 

(%) 

     P  

(mg/100g) 

       Ec 2.67    6.35a   4.31a 0.28b 1.35b 0.40 0.23b 0.21d 15.21a 

      Mo 2.67    5.07ab   2.94b 0.19d 0.74d 0.10 0.24b 0.46c 10.42d 

      Vp 2.00    4.32b   2.68c 0.24b 0.96c 0.14 0.46a 0.57c 11.76c 

      Ad 4.33    4.62b   2.44c 0.21c 0.99c 0.17 0.23b 0.56c 11.33c 

      Dm 1.33    4.56b   4.10a 0.19d 0.48e 0.24 0.20b 1.14a 8.89e 

      Mi  2.00    4.40b   1.96c 0.44a 1.19b 0.21 0.25b 0.86b 13.03b 

      Ai  5.00    4.27b   2.17c 0.30b 0.76d 0.14 0.26b 0.55c 11.39b 

      Ti 

      OL 

4.00 

0.00 

   3.89b 

   1.45c 

  1.80c 

  2.17c 

0.52a 

0.18e             

0.87cd 

1.67a 

0.07 

0.05 

0.01c 

0.11c 

0.45c 

0.20d 

9.66e 

9.27e 

      SE+ 1.395    0.476   0.405 0.011 0.046 0.103 0.037 0.069 0.285 

    P-value 0.570    <.001   0.002 <.001 <.001 0.468 <.001 <.001 <.001 

Note; Means followed by the same letter(s) are not significantly different at 5% level of significance using Duncan`s Multiples Range test. 

Trees specie Ec= Eucalyptus camaldulensis, Ai= Azadirachta indica, Mo= Moringa oleifera, Dm= Diospyros mesiliformis, Mi= Mangifera 

indica, Vi= Vitellaria paradoxa, Ti= Tamarindus indica,  Ad= Adansonia digitata, OL= Open Land  

O.G= Organic carbon, TSP= Trees species percentage, CEC= Cation Exchange Charge  

           

          

          Discussion 

Particles Size Analysis  

The result indicated that sand quantity   was between (80-76%). The sand, silt and clay fractions in the soil therefore, fall in to the 

categories of sand textural class (Brady, 1999 and U.S.D.A, 1960).  

The result of the study showed that organic carbon levels ranges 0.20 to 1.14. The highest value was observed with soil under Diospyros 

mesiliformis (1.14%) while the lowest value of organic carbon was obtained with soil of open land (0.20%). These pointed out that there 

was significance difference among the tree species in organic carbon. The result also revealed very low organic carbon content of the 

soils (Chude et al, 2012). Total nitrogen the result shows N content ranges between (0.05 to 0.40%). However, the result indicated that 

total nitrogen was found to be higher under Eucalyptus camaldulensis the lowest was observed around open land. However, the result 

indicated that there was no significance difference among the soils around trees specie in Nitrogen levels; it also revealed very low N 

content of the soils of the study area (Chude et al., 2012). Though findings of Radwanski and Wickens (1981) reported there was higher 

level of total nitrogen under trees than away from its canopy. The low Nitrogen probably could be due to the maturity of the trees and 

land uses. Result of available phosphorus shows that there was significance difference in the available P between the trees specie values 

ranged from (8.89 - 15.21mg/kg), indicating moderate level of available P in the soils (Chude et al., 2012). Eucalyptus camaldulensis has 

highest value of the amount of (15.21cmol/kg). However, Diospyros mesiliformis was found to be the lowest in P level 8.89 cmol/kg.  

The result of exchangeable bases (Ca, M, K, and Na) shows that there was significance difference between the soil under the tree 

species in available calcium which ranged from (1.80 - 4.31 cmol/kg) with a mean of (0.405cmol/kg). Chude et al. (2012) reported 

that tropical soils with calcium level as low as 0.2cmol/kg is good for agricultural crops. The higher calcium level was recorded 

around Eucalyptus camaldulensis (4.31cmol/kg) the lowest value was recorded around Tamarindus indica (1.80cmol/kg). 

Magnesium level in the soils ranges from (0.48 - 1.67cmol/kg). Chimdi et al. (2012) reported that magnesium level of 0.5cmol/kg 

is considered deficient treasured in the tropics. Magnesium values obtained in this study was higher under Eucalyptus camaldulesis 

(1.35cmol/kg), while the lowest value of magnesium was obtained from soil under Diospyros mesiliformis (0.48cmol/kg). 

Potassium level in the soil ranged from (0.18 - 0.44cmol/kg). The value obtained in this study pointed out that there was significance 

difference in potassium level between the soils under the trees specie were by high K level was observed around Mangifera. indica 

with (0.44cmol/kg) while the lowest value was under open land (0.18cmol/kg). Sodium level in the soil ranged from (0.46 - 

0.01cmol/kg) with a mean value of indicating a significant difference among the soils under the trees specie in sodium level. Chimdi 

et al. (2012) reported that soil with exchangeable sodium level > 1cmol/kg are considered as potentially Sodic. Sodium value 

obtained in this study was high around Vitellaria paradoxa (0.46cmol/kg) while the lowest was observed under Tamarindus indica 

(0.01cmol/kg). 

The result of C.E.C was range (1.45 - 6.35cmol/kg) indicating a moderate C.E.C in the soil. The highest value of C.E.C was 

recorded with soil under Eucalyptus camaldulensis (6.35cmol/kg) while the lowest value was around open land (1.45). These show 

that there was significant difference in C.E.C level among the trees specie. This could be due to variation in tree maturity and litter 

fall contributed by the trees. The result of C.E.C the result confirmed the finding of Radwanski and Wickens (1981) that C.E.C 

value are found to be high or low depending on type of tree species and land uses. 
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Conclusion and recommendations 

The study has shown that there were few trees species in the area. The dominant tree species was Azadirachta indica. Result from 

soil analysis showed poor soil in terms of organic carbon and total nitrogen, which are mainly the most important nutrients for plant 

growth and development and this could be attributed to continuous cropping taking place in the area. This may further worsen the 

problem of biodiversity loss in the area. Based on the findings of this research it could be recommended that Farmers in Gafan 

village can be advised to plant more trees especially Eucalyptus camaldulensis in their farmlands because it has the highest values 

in CEC and organic carbon for soil fertility enhancement of their farm land. It is also recommended that indiscriminate felling of 

trees for whatever purpose should be minimized because the litter from these trees is important in ameliorating the soil and 

protection of farmland.  
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Abstract 

Over exploitation of forest-based products had been a serious issue and a great threat to forestry development in Nigeria. Among 

these forest products are the fuel woods. This comes as a result of deforestation without reforestation. Domestic cooking energy 

needs account for the high energy consumption in household and due to the increasing population of Nigeria, the available fossil 

fuels which serve as sources of cooking energy for most urban and rural dwellers have become inadequate, unaffordable and most 

times unavailable for the population. Fuel wood such as firewood and charcoal which is being used by 90% of rural households 

now becomes the highly demanded cooking fuel for households despite the health risks or environmental challenges that emanates 

from its use. This paper, therefore, evaluates the increasing rate of household demand both in rural and urban areas for wood fuel 

which is a great threat to forestry development in Nigeria. It specifically describes firewood and charcoal as the common types of 

wood fuels; kerosene and cooking gas as the most use fossil fuels in Nigeria. It also establishes that the increase in the price of 

fossil fuel leads to increase in the demand for wood fuels in Nigeria. The recent hike in wood fuel demand brought about by the 

high cost of fossil fuels such as kerosene and Liquefied Petroleum Gas (LPG) has led to the felling down of trees illegally by people 

especially those involved in firewood and charcoal productions. The paper therefore recommended that there should be increase 

the subsidy on fossil fuels, development of alternative cooking fuel (such as and use of agricultural and industrial wastes, forest 

plantations solely for the purpose of energy production should be established to prevent deforestation of forest reserves. 

 

Keywords: fuel wood, wood fuel, fossil fuel, sustainable forestry development 

 

 

Introduction  

Forest is defined as a large area of land where trees and under bushes are densely dominated. It is also a large tract of land where 

trees and other plants are found closely growing together and forests in its natural state remain in a relatively fixed condition over 

a long period of time. (Lodla, 2007; Oludotun, 2011). Forest is termed as ñprimaryò when there are no visible traces of human 

activities and ñsecondaryò, when it is completely and powerfully altered by humans. Forests are called theò lungs of the earthò and 

it works against climate change. Nigeria's forests provide significant economic, social and ecological benefits for the people. 

Ecological benefits of forests include climate amelioration, carbon dynamics, biodiversity conservation, reduction in global 

warming, maintenance of water shed, Soil stability, erosion and desertification control, wildlife conservation and aesthetic value 

(FRIN, 2015). The forests have traditionally yielded a great variety of useful products or resources which are useful asset to Nigeria 

as well as her citizens. This is because the welfare of many Nigerians is directly or indirectly linked with the forest and its resources. 

(Adedayo, 2018). Over 1.6 billion people all over the world depend on forests for their livelihoods (Vedeldet al. 2007), and the 

role of forest resources on the livelihood of rural dwellers has received an increased attention during the last decade (Angelsenet 

al. 2014). Forest resources can be classified as timber and non-timber forest products (NTFPs) which include food, fodder, 

medicine, housing materials and fuel among others. (Smith et al., 2017). Besides providing access to basic materials, forests serve 

as subsistence income or an ñeconomic buffer in hard timesò thereby contributing to total household and cash incomes, (Kar and 

Jacobson 2012). 

 

Nigeria population is among the highest in Africa countries. The population is estimated at 218 million people spread across 

923,768km2 areas (Wikipedia, 2018). The rise in population rate of the country shows that large amount of energy will be required 

for meeting the energy needs at both the urban and rural areas in the country. The country is blessed with energy resources that are 

sustainable. The nation is also rich in conventional energy resources, these energy includes oil, natural gas, lignite, and coal. 

Furthermore, renewable energy sources such as wood, solar, hydropower and wind could also be found in Nigeria (Okafor and 

Uzuegbu, 2010). Today, consumption of energy across the globe shows that Nigeria and many indeed African nations have the 

lowest rates of consumption. Nevertheless, inadequate supply of energy is one of the problems facing Nigeria as a nation. This is 

associated with increasing energy demand, a typical nature of developing economy. There are different sources of cooking energy 

used in Nigeria such as; liquefied petroleum gas (LPG), kerosene, compressed natural gas and electricity. These energy sources are 

expensive compared to traditional fuels such as biomass and wood fuel which are available at little or no cost. In Nigeria the average 

daily income of more than 60% of people is less than $1 per day (Bello and Roslan, 2010) biomass and wood fuels stands as the 

preferred source of household cooking energy in Nigeria. 

 



Increasing house-hold demand for wood fuel: a great threat to sustainable forestry ééé.. Oyewole et al. 

 
 

Proceedings of the 8th Biennial Conference of the Forests & Forest Products Society, 
Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

 

89 

Nigeria is one of the fifteen (15) largest exporters of crude petroleum in the world, yet, a larger percentage of the countryôs 

population live in poverty. This poverty goes beyond low income, savings and growth rate but covers high inequality in terms of 

assets and income, basic infrastructural facilities and capabilities. Poverty is caused by low level of education, poor governance, 

high level of unemployment, widespread corruption amongst others.(UNDP, 2010; World Bank, 2012). A connection exists 

between poverty and energy which can be explained in terms of quantity and quantity of energy used.  

Forestry in developing countries with Nigeria as an example has faced and currently facing several challenges such as poor funding 

of the forestry sub sector, inadequate information on the impact of climate change on forest and the mitigation procedures, 

mismanagement of forest as revealed in the high rate of deforestation through uncontrolled tree felling for domestic and commercial 

purposes, overexploitation of the forest resources among others (Ayeni, 2013).The fact that most trees can be used as fuel wood 

and charcoal production increases deforestation activities which pose great threats to sustainable forest management. Deforestation 

rate in Nigeria was estimated at 10 million hectares per year between the period of 2015 and 2020 compared to the yearly estimate 

of 16 million hectares 1990s. There is tremoudious decrease primary forest of over 80 million hectares worldwide since 1990. 

(FAO, 2020). Togo, Nigeria, Uganda and Mauritania are the four countries from Sub-Sahara Africa having the highest decrease in 

the forest cover. Among the four countries, Nigeria appears both on the list of decrease in forest area in sq. km and percent decrease. 

Therefore to tackle this global problem, strict actions should be taken by Nigeria.  

 

 

 

Tyagi, (2020) Source: FAO, 2020  

 

 

Sustainable Forest Management is the way through which forests are continually managed in order to achieve the stated goals and 

objectives of forest development without reduction of its inherent values and future productivity and without undesirable effects 

on the physical and social environment. It therefore follows that SFM will enhance the status of the forest to meet the forest 

resources needs of the people- especially the food needs of the people. (FAO, 2017). According to Lipper (2000), forests offer 

many benefits in terms of food production, income and protection of watershed. Therefore, deforestation and forest degradation 

impair the capacity of the forests to contribute to food security. This paper therefore examined energy uses among household and 

the hike in price of cooking energy such as kerosene and Liquefied Petroleum Gas (LPG) with implication on sustainable forest 

management due to the increasing demand for fossil fuel as alternative cooking energy sources. 

 

Cooking energy 

Energy is the ability or capacity to do a work. Cooking activities account for the high energy consumption in household which is a 

potential source of indoor air pollutants and global warming (Borisade et al, 2020). About 80% of the country's households depend 

on forest for the bulk of their domestic energy. Rural communities adjacent to forest plantations harvest wood for cooking (FRIN, 

2015). Cooking energy sources can either be through wood or fossil fuels. 
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Table 1: Fuels and their common household uses 

S/N FUELS HOUSEHOLD USES 

ü  Firewood, animal dungs, Biomass Cooking, water heating 

ü  Charcoal Cooking, water heating 

ü  Candles Lighting 

ü  Kerosene Lighting (wicks and hurricane lamps), cooking 

ü  Biogas Cooking 

ü  Liquefied Petroleum Gas (LPG) Cooking, lighting (less often) 

ü  Diesel Lighting lamps, electricity (diesel generators) 

ü  Gasoline Transport and electricity 

ü  Distinct heating Space heating 

ü  Natural Gas Cooking and space heating 

Source: Borisade et al. (2020) 

 

ü WOOD FUEL  

Wood energy is the energy generated from wood and wood- derived materials through combustion processes and used for energy 

purposes such as cooking, heating or electricity generation (WHO, 2014). Wood used as energy may come from the natural forests, 

trees found outside the forest, forest plantations, residues from wood harvesting and post processing wastes from wood processing 

industries. Wood fuels can come in three forms namely; solid wood fuels e.g. fuel wood (which is also known as firewood), 

charcoal, and wood pellets (e.g. chips, pellets, briquettes which are gotten from wood residues), unprocessed woody biomass (e.g. 

sawdust, wood shavings; gotten from the branches or other parts of a tree during wood processing. The liquid wood fuel comprises 

of the bio-oil, bio- ethanol/ methanol, black liquor and the wood gas is an example of the gaseous wood fuel. (FAO, 2008). Liquid 

and gaseous fuels derived from woody biomass are yet to be generated commercially for industrial purposes. Solid wood fuel in 

the form of wood pellets and wood chips, on the other hand, are used at a large scale for power generation and district heating in 

many industrialized countries, mainly in Europe. (FAO, 2017). The traditional household wood fuel consumption decreases as their 

income increases because there will be a shift to use of other fuels and electricity likewise the national consumption of wood fuel 

increases with increase in population growth rate. (FAO, 2008).This review will be focusing on Firewood and Charcoal as the two 

major wood fuels that are used in Nigeria. 

 

Fuel Wood (Firewood) 

Household utilization of firewood has been estimated to about 1.55 billion cubic meters. This estimate is based on the use of fuel 

wood by about 3 billion people as their primary source of energy globally. In developing countries about 2 billion rural dwellers 

rely solely on firewood for heating and cooking. (Borisade et al. 2020)  Fuel wood accounts to about 80% of household energy 

requirements in rural areas and thus accounts for close to 10% of net national energy consumption. However, at a national scale, 

an estimate of about 11 million tonnes of fuel wood is consumed in Nigeria per annum (FRIN, 2015). Carbon monoxide, sulphur 

and nitrogen oxides which are dangerous pollutants released to the atmosphere when fuel wood is being used are as a result of the 

incomplete combustion of firewood. In many households, poor ventilation worsens the effects of these pollutants, and women and 

children are often exposed to them at significant levels for 3 to 7 hours each day (Bruce et al., 2000). 

 

Charcoal  

Charcoal is another significant type of wood fuels. One of the reasons why wood is converted into charcoal is to reduce its weight 

with respect to its energy content and to increase its economic transportation distance. Charcoal has a heating value twice as much 

as fuel woodon an equal weight basis.FAO, 2019 noted that of all the woods used as fuels worldwide, about 17 percent is converted 

to charcoal. Charcoal production is expected to increase continually in the coming decades because it generates income for more 

than 40 million peopleeven though the sector is informal. 

Charcoal consumption is often linked to lack of modern alternatives but all over the world, electrified regions are still using charcoal 

as an energy source. In Brazil, the worldôs largest producer and consumer of charcoal, for example, more than 90% of the population 

has access to electricity,yet residential consumption has persisted at 9.7% of the countryôs total charcoal production. (Chidumayo 

and Gumbo, 2013). Despite Mainland Chinaôs access to widespread electricity, it also features in the worldôs top 10 charcoal 

producers (FAO, 2019). Germany, which has diverse financial assets of modernenergy resources, is still the worldôs biggest 

importer of charcoal (FAO, 2019).The global charcoal importsand exports are estimated at US$1.16 B. From 1993ï2017, the 

worldôs top 10 charcoal-producingcountries generated an average of 24.5 Mt of charcoal annually, of which more than 50%were 

produced by Brazil, Nigeria, and Ethiopia . With the exception of Nigeria and Mainland China, top charcoal producers are not 

necessarily the leading exporters of charcoal. (Macromarket; FAO, 2019). 

 

Advantages of wood fuel 

i. Fuel wood is the most locally available fuel. 

ii. Fuel wood is the most affordable fuel for cooking and heating especially among the low income households. 
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iii.  Sustainable Development Goals could be enhanced by wood fuel energy 

iv. The wood energy sector contributes to SDG8 (economic growth and employment); the modernization of the wood energy 

value chain would have considerable economic impacts and create many jobs, especially in rural areas. FAO has 

estimated that 195 million people in Africa are employed in the wood energy sector on a full-time or part-time basis ï 

the equivalent of 45 million full-time jobs 

v. Wood energy can play an important role in combating climate change. 

 

Disadvantages of woodfuel 

11. Unsustainable and illegal production leads to deforestation, forest degradation and in some areas, wood fuel scarcity.  

12. Another problem associated with the traditional wood fuel sector is indoor air pollution due to the use of inefficient 

woodstoves, wet firewood or charcoals. 

13. Health problems arises from inhaling smokes from burning, charcoal particles etc 

14. Fuel wood collection can impose a disproportionate work burden on women and children. 

 

 

ü FOSSIL FUEL 

 These are non renewable energy resources gotten from the altered remains of living organisms buried by sediments and 

exposed to elevated pressures and temperatures for millions of years. These resources are classified into three namely; petroleum 

(or crude oil), natural gas and coal. They are widely though not uniformly distributed in the earth (Gerali, 2020). 

 

Kerosene 

Kerosene, also known as paraffin is a transparent liquid fuel produced from coal (coal oil), with a mixture of hydrocarbon chains 

6 to 16 carbons in length. (U.S. Environmental Protection Agency; EPA, 2016). Globally, an estimated 500 million households still 

rely on kerosene or other liquid fuels for lighting, corresponding to 7.6 billion liters that is consumed annually (Mills, 2005). Some 

notable international agencies have in the past treated kerosene as a ñclean fuelò (ESMAP 2003) while some researchers treated it 

as a ñpolluting fuelòwhich was grouped with other known sources of air pollution e.g. coal and biomass. (Wichmann et al, 2006). 

The use of kerosene for cooking has greatly increased in many developing countries especially in urban areas where electricity and 

Compressed Natural Gas (CNG) are unreliable and expensive and Biomass is not readily available.  

 

Liquefied Petroleum Gas (LPG) 

Cooking fuels, most especially the liquefied petroleum Gas (LPG) and natural gas are the cooking fuels of choice in most countries 

(Parikh, 2010). LPG and natural gas provides higher energy efficiency than traditional fuels; and it is cleaner and more ozone-layer 

friendly. The causes of low consumption of LPG in Nigeria found in the literature include household income, infrastructural 

challenges, subsidy on kerosene, the perceived higher cost of LPG, and safety issues that have led to various government 

interventions through policies and plans (Ige, 2009). 

 

Energy consumption in Nigeria 

 
Source:  IEA, 2017.  

 

Shifts in householdôs choice of cooking energy  

The fundamental energy needs of most household are for cooking and lighting. Energy consumption patterns in the world today 

shows that Nigeria and indeed African countries have the lowest rates of consumption. Nigeria is suffering from an inadequate 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3664014/#R67
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supply of usable energy due to the rapidly increasing demand, increase in population rate among others which is typical of a 

developing economy. The rural dwellers depend to a large extent on the traditional sources of energy for their domestic energy 

requirements while the majority of the urban dwellers depend on traditional energy sources and fossil fuels. (Iro and Danlami, 

2022). The Nigerian energy sector is not well developed and one of the most inefficient sectors because people do not have access 

to reliable and affordable energy despite the enormous energy sources available. Therefore, the unavailability and unaffordability 

of these cooking energy sources pose a serious threat to forestry development in Nigeria. 

The ñenergy ladderò is a simple model used to describe the hierarchy of household energy options characterized by attributes such 

as cost, cleanliness, energy efficiency and convenience. It also means that with increasing income, people move up the energy 

ladder from firewood to charcoal or kerosene and then to LPG/ natural gas, or electricity. Household tend to move from cheapest 

to least convenient fuel (biomass) to more convenient and normally more expensive ones (charcoal, kerosene) and eventually to 

the most convenient and usually most expensive type of energy (LPG, natural gas, electricity). (Masera et al., 2000, Arnold et al., 

2006). The use of multiple fuels or use of combination of fuels is known as ñfuel stackingò. Households partly switched from one 

type of fuel to the other or use of multiple fuels. Fuel stacking occurs due to three major factors namely; high cost of modern energy 

sources; cultural preferences(which includes familiarity  with existing fuels) and to avoid total dependence on one fuel evident 

from price, demand and supply vulnerability. (Heltberg, 2005; Masera et al., 2000).The literatures on fuel choice had shown that 

many factors other than income could influence the household fuel adoption decision. The main among these are the household 

size, gender composition, location, cooking habitat, gender of the household head, age, education, availability of fuel alternatives 

and accessibility including cooking utensils as well as the degree of the development of fuel markets and wage labour market 

(Moses, 2006). They may choose a combination of high-cost and low-cost fuels, depending on their budgets, preferences and needs 

(World Bank, 2003). Ease of access and consistent availability of fuels are important factors that determine the extent and or 

permanence of fuel switching in any household (Démurger and Fournier, 2010). 

The energy ladder hypothesis is one of the most common conceptualizations of energy use dynamics among households. It has also 

been revealed through literatures that household energy demand and choice has shownthat households in transition (that is, those 

between low income and high income) consume transition fuels such as charcoal and kerosene. While low income households use 

biomass fuels, higher income households consume energy that is cleaner and more expensive such as liquefied petroleum gas and 

electricity. (Heltberg, 2005). 

The recent hike in prices of commodities in developing countries most especially Nigeria has led the low and transition income 

earners to be living below the standard. This low living standard induces greater dependence on firewood and other biomass fuels 

owing to a combination of income and substitution effects (Baland et al., 2007). The use of wood fuels such as charcoal and fuel 

wood is now found in urban centers too as there has been a shift in the use of kerosene and Compressed Natural Gas. The shift is 

against Bhattarai, 1998, who asserted that even if the population in urban centers will be growing rapidly in the coming years, the 

demand for charcoal and other biomass fuels is not likely to increase accordingly due to peoplesô changing preferences. In Nigeria 

presently, the shift in the type of cooking energy used due to the increase in price of fossil fuels has also led to an increase in the 

demand and price of wood fuels and this has led to illegal deforestation of forests which is a serious threat to sustainable forestry 

in Nigeria. 

 

 Implication of increasing household demand for fuel wood on sustainable forest management in Nigeria 

The cost of cooking gas and kerosene is fast rising. This has gone beyond the reach of common man despite the Federal Government 

declaration on making the products available for household usage and a decade of cooking gas with Central Bank of Nigeria (CBN) 

setting up a 250 billion fund to expand the usage of the product across the country. Due to high increase in the price of cooking 

gas, most household who had said goodbye to firewood and charcoal usage have embraced it again. This has a great implication 

on forest management. This means that the demand for firewood and charcoal which has been on the increase before will continue 

to be increased, more trees will be felled and resulted to high rate of deforestation (Odunwole et al., 2017). More than 90 million 

of Nigerians live below one dollar per day this reflect high incidence of poverty. Therefore, the upward shift in the price of cooking 

gas and kerosene has made the products to become luxury in the midst of unemployment, high inflation rate and the un addressed 

effect of COVID-19 pandemic. This implied that if the trend in the price of cooking gas and kerosene is  not checked and the 

demand for wood fuel continue to increase reduction in forest cover will continue and its adverse effect on environment is imminent 

(FRIN, 2015).  

 

Conclusion and recommendations 

It has been established that household demand for fuel wood is on the increase. The recent hike in wood fuel demand brought about 

by the high cost of fossil fuels such as kerosene and Compressed Natural Gas (CNG). This has a great implication on forest 

development as this would continue to result to the felling down of trees, hence, high rate of deforestation. This study therefore 

recommends that there should be development of alternative cooking fuel such as the use of agricultural and industrial wastes; 

forest plantations should be established solely for the purpose of energy production; supportive laws, regulations, policies (those 

governing wood fuel production, trade and consumption) and information should be disseminated to forest owners, entrepreneurs 

and actors involved in forest and forestry development. 
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Abstract 

This study was carried out to evaluate the mitigations of mining effects on forestïbased rural livelihoods in Birnin-Gwari Local 

Government Area, Kaduna State, Nigeria. Five (5) districts of mining activities were selected within the Government Area. Primary 

data were generated using questionnaires for this. A total of One hundred and twenty (120) questionnaires were distributed. Results 

revealed that adults from above 46 years of age were mostly (29.9%) affected by mining in the area. Also, (32.65%) of the affected 

people had secondary education and were majorly (62.50%) farmers. The negative effects of mining activities on the forest based 

livelihood activities of the respondents includes: (17.7%) reducing soil fertility> (16.4%) soil erosion effects > (15.3%) loss of 

Wild animals> (9.1%) scarce forage > (8.0%) loss of NTFPs and reduction in agricultural land. The mitigation measures identified 

includes: reclamation through state tree planting programme, waste management, water treatment and were achieved via different 

methods. It was concluded that the mining and exploration of gold poses great dangers to mining workers and neighborhood 

communities especially whose livelihood activities are forest based. We recommend that emphasis be shifted towards effective 

utilization of the mined resources in order to minimize the rate of mining induced de-vegetation and deforestation. 

 

Keywords: Mining, Mitigations, Forest- based -livelihoods and Community dwellers. 

 

 

Introduction  

Nigeria is endowed with abundant mineral resources, crude oil, gold, diamond, salt, iron ore, natural gas, phosphate, coal and nickel 

among others. In Kaduna State, major gold fields are located in several communities including: Birnin-Gwari ,Jamaôa, Igabi, 

Kajuru, Kachia, Ikara, Makarfi, Giwa,  Sanga and Kagarko (Kaduna State Water Board, 2004). Mineral exploration and exploitation 

in Birnin-Gwari began in the 1980s, though evidence suggested that local people used traditional methods of mineral mining before 

the colonial administration. 

Mining has a number of activities, each of which has potentially-adverse impacts on the natural environment, society and cultural 

heritage, the health and safety of mine workers, and communities based in close proximity to operations (Akabzaa, 2000). The 

alteration to local ecology, especially soil and vegetation constitute costly disruptions on rural communitiesô livelihoods that depend 

largely on the land. Therefore, this research seeks to investigate the mitigations of mining activities on forest rural-based livelihoods 

in Birnin-Gwari Local Government Area, Kaduna State. 

 

Materials and method 

Study Area 

Birnin-Gwari Local Government Area lies in the Western part of Kaduna State and forms a significant part of the state borders 

with Zamfara and Kastina States. It lies within the Northern Guinea Savanna. The rainfall ranging between1000mm-1300mm per 

annum, the ósub humidô zone receives an annual rainfall of 600mm-1000mm per annum (KSWB Birnin-Gwari office, 2004). The 

major occupation in this LGA is farming and livestock production (animal rearing). The coordinate of the study area is described 

in the table below.  

 

Table1: Mining Community Latitude Longitude 

Community Latitude Longitude 

Old Birnini Gwari 10039IN 60 56IE 

Bugai 100 45IN 60 30IE 

Damari 10033IN 60 52IE 

Kungi 100 36IN 60 44IE 

Dagara 100 31IN 60 35IE 

Field Survey, 2019 
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          Fig 1: Map of the Birnin Gwari Local Government showing the study Area 

 

Method of Data Collection 

Primary and secondary data were used for this study. The primary data were generated through the use of structured questionnaires. 

Information on land reclamation and mitigation strategies employed in the Study Area was sourced through questionnaires as 

evidence of reclamation and the extent of corrective measures towards recovering the mined area.  

 

 Sampling Techniques 

The six disstricts of gold mining activities in Birnin-Gwari Local Government Area include: Old Birnin-Gwari, Damari, Bugai, 

Dagara, Kungi and Kuyello. However, Kuyello could not be accessed due to communal crises and insecurity.  A total of one 

hundred (100) questionnaires were used for data collection such that twenty (20) questionnaires each were randomly distributed in 

each of the five (5) selected districts, and ninety-eight (98) questionnaires were retrieved for statistical analysis.  

 

Data Analysis  

Descriptive statistics including graph, frequency table and percentage were used for the data analysis. 

 

Results  

Table 2: Demographic Characteristics of the Respondents 

S/N Variance Frequency Percentage  

1 Age   

 16 ï 20 7 7.07 

 21 ï 25 10 10.10 

 26 ï 30 13 13.13 

 31 ï 35 20 20.20 

 36 ï 40 10 10.10 

 41 ï 45 10 10.10 

 46 & above 29 29.29 

2 Education   

 Non-formal 19 19.39 

 Primary  29 29.29 

 Secondary 32 32.65 

 Tertiary 17 17.35 

 Adult education 1 1.02 

3 Sex   

 Male 88 88.89 

 Female 11 11.11 

4 Occupation   

 Forestry 18 18.75 

 Farming 60 62.50 

 Civil service 8 8.33 

 NTFPS Collection 1 1.04 

 Timber Contraction 1 1.04 

 Minning 5 5.21 

 Others 3 3.13 

 TOTAL  98 100.00 
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SOURCE: Field Survey, 2019 

 

 

Table3: Identify Gold Mining Mitigations and Reclamation Strategies in the Study Area 

S/N Mitigation Effect  Mitigation Criteria / indices (Freq.)  

Bugai 

Kuyello Damari O/Birnin- 

Gwari 

Total Percentage 

(%) 

1 Reclamation Re ï establishment of 

vegetation 

2 3 3 5 13 18.06 

  Refilling of opened pits 4 3 4 6 17 23.61 

  Slope and topography 

modification 

3 6 4 5 18 25.00 

  Organic soil amendment 4 5 3 5 17 23.61 

  Cultivation of tolerant species 

(Rehabilitation) 

2 7 1 2 7 9.72 

  Total     72 100 

2 Waste 

Management  

Alternative use of dug out soil 

from gold mining for other 

purpose   

6 4 4 6 20 32.26 

  Land use classification (Local)  1 2 2 5 8.06 

  Digging of water ï way 

(erosion ways) 

3 1 4 6 14 22.58 

  Barigation and Isolation of 

stream use for gold washing 

4 2 - 6 12 19.35 

  Alternative use of dugout soil 

for road construction 

2 5 1 3 11 17.74 

  Total     62 100 

3 Water 

Treatment  

Addition neutralizing agent to 

mine polluted well 

3 2 2 4 11 25.00 

  Legislation against 

consumption of gold polluted 

water  

2 4 3 6 15 34.09 

  Isolation and barigation of 

mining polluted stream  

- 1 - 2 3 6.82 

  Organic treatment of polluted 

water (Using plant product) 

4 2 4 5 15 34.09 

  Total     44 100 

4 shutting by laws 

and local 

pressure 

Shut ï down of mining 

operation monitoring 

4 2 6 3 15 32.61 

  Establishment of post -closure 

supervision 

5 4 - 6 15 32.61 

  Seizing of license from gold 

mining 

7 2 - 7 16 34.78 

 TOTAL       46 100 

SOURCE: Field Survey, 2019  
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Table 4: NEGATIVE EFFECTS OF GOLD MINNING ON RURAL BASED FOREST DEPENDANT LIVELIHOOD ACTIVITIES  
 LFS LWA  ERSN SOF RFW LNTFPS LAT  EMV HT  Poor Fruit  LTPDTS AOA Total 

LOCATION F % F % F % F % F % F % F % F % F % F % F % Percentage (%) 

BUGGAI 5 20.8 8 20.8 5 20.8 3 12.5 1 4.2 1 4.2 1 4.2         100 

OLD B/GWARI 9 14.1 6 14.1 8 12.5 7 10.9 4 6.3 5 7.8 5 7.8 4 6.3 4 6.3 7 10.9 5 7.8 100 

DAGARA 3 11.5 4 15.4 7 26.9 1 3.8 2 7.7 2 7.7 2 7.7 1 3.9 1 3.9 2 7.7 1 3.9 100 

BAMARI  5 20.0 5 20.0 3 12.0 2 8.0 2 8.0 3 12.0 3 12.0 0  1 4.0 1 4.0   100 

KUNGI 8 21.6 4 10.8 6 16.2 3 8.1 4 10.

8 

3 8.1 3 8.1 2 5.4 1 2.7 1 8.1   100 

TOTAL  30  27  29  16  13  14  14  7  7  13  6  100 

PERCENTAGE 17.1  15.3  16.4  9.1  7.4  8.0  8.0  4.0  4.0  7.4  3.4  100 

KEY:  

ü LFS = Loss of Fertile Soil      RFW= Reduced Fuel Wood 

ü LNTFPS = Loss of Non Timber Forest Products SOF = Scarcity of Forest 

ü LWA = Loss of Wild animals      ED = Excessive Dryness 

ü ERSN = Erosion              

ü LAL = Loss of Agricultural Land  PF = Poor Fruiting  

ü LTPATS = Loss of Timber products  AOA = Lost of Agricultural Land 
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Discussions 

Characteristics of the Respondents 

Results of the socio-economic characteristics of the respondents are represented in table 2. Respondents within the age of 46 and 

above were the highest (29.9%) among the age categories in the study area. This is followed by those between the ages of 31 and 

35 representing 20.20% of the population. Respondents of the ages 21 -25, 36 - 40 and 41- 45 each represented 10.10% of the 

population. It could be deduced from this study that the majority of the respondents are between the age of 46 and above. This age 

group of respondents are those whose daily activities are directly associated with the studied environment; farming, mining, fishing, 

hunting and marketing activities. Moreover, these categories of people are full of responsibilities of caring for their families. Hence, 

they are the group whose sources of livelihood were mostly affected positively or otherwise by mining activities. Regarding the 

educational distribution of the respondent, a good number of the respondents had secondary education (32.65%). about (29.59%) 

of the respondents had primary education, 17.35% of the respondents had tertiary education. This indicates that the majority of the 

people living around and or whose work (involved) directly or indirectly with mining operations are literate, Although, this does 

not mean that majority of the respondents are educated or literate enough to know the implication of mining on their environment 

whether socially, culturally and ecologically. Hence, their consciousness of its financial benefits makes the respondents concentrate 

on this activity; this is why they damage the environment the more in sourcing for money in order to maintain their socio- economic 

and financial wellbeing even at the expense of ecosystem. 

 

Result shows that majority of the respondents are male and this represent 88.89%. This is an indication of the tedious nature of the 

job, it is the reverse of the popular saying ñwhat a man can do a woman can do betterò as only few women with petty trading, 

farming etc were identified. Though, this does not mean that mining doesnôt contribute to the socio-economic wellbeing of female 

respondents in terms of income generation. Occupationally, the majority of the people living in and around the mining site are 

farmers, this represent 62.50% of the population. Many of these people, especially the able men among them also partake in other 

activities either as job men in mining, and those who intermittently engage in mining to support their major source of livelihood, 

this because the communities are dominated by low income earning peasant farmers whose major livelihood activities are being 

affected. About 18.75% of them were miners, dealing with mineral extractions (majorly gold), while 5.21% of them were foresters. 

Others were civil servant, NTFPs collectors, and timber contractors represent 5.21% and 1.04% of the surveyed population. 

 

Negative impacts of Gold mining activities on Rural Based Livelihoods Activities 

The negative impacts of gold mining in the various districts selected for this study were  similar, ranges from;  loss of wild 

animals, loss of soil fertility, erosion, scarcity of  forage, reduction of fuel wood, loss of other Non Timber Forest Products, loss  

of Agricultural land, environmental heat, and mining induced bad weather. Though, the  extent to which the respondents reacted 

to the experience of these effects were differs from district to the other. See table 3 above.  

The gross analysis of the negative impact of gold mining on the livelihood activities of the respondents is expressed in percentages 

in table 4 above. In the overall, majority of the respondents (17.7%) identified the major impact of mining as reducing soil fertility> 

(16.4%) soil erosion effects > (15.3%) Loss of Wild animals> (9.1%) scarce forage > (8.0%) loss of NTFPs> and reduction in land 

size for  farming activities > (7.4%)  stated  loss of timber and reduction in the availability of fuel wood ,  (4.0%) environmental 

heat, the remaining (4.0%)  relates the effects of gold mining to bad weather (8.0%). Loss of soil fertility was the greatest, this 

could be traced to combined effects of deforestation, de-vegetation and the excavation of soil surface, which later resulted in erosion 

which not only led to the washing away of topsoil but also exposure of heavy metals. These exposed heavy metals are washed (and 

or) blown down the streams leading to pollution of water bodies which has detrimental effects on aquatic and terrestrial lives 

dependent on the streams. This concurs with World Bank, (1995) which stated that the principal environmental hazards caused by 

small-scale mining activities are mercury pollution from gold processing and land scarcity.  Cobbina et al., (2012) also reported 

that generally, occupant children and adults are at risk of exposure to mercury in shallow dug-wells and dugouts in the Nangodi 

area which is very destructive to human life. Essumang et al. ( 2007) , Obiri et al. (2010) Paruchuri et al. ((2010) reported that in 

recent times, there have been cases of waterlogged pits, soil erosion, pollution of fresh vegetables and food items, rivers and other 

source of drinking water for communities in mining area. Identified Mitigation Strategies in the Study Area. 

Four (4) major mitigation strategies were identified in the study areas. These major identified strategies include: i) Reclamation, ii) 

Waste Management, iii) Water Treatment, iv) Closure by Laws and Local Pressure. These mitigation strategies were achieved 

through different methods in the five districts. 

 

Reclamation strategies: This was achieved through several methods, the methods include; refilling of open casts or pits, 

topography modification, organic soil amendment, and re-vegetation. Above eighteen percent (18.06%) of respondents identified 

re-vegetation as their way of reclaiming the old mined area, 23 .61% of them recognized refilling of open pits as the reclamation 

strategy used for mitigating the effects of gold mining on humans and her environment, 25.00% used slope and topography 

modification. Organic mineralization or amendment of the polluted soil was reported by 23.61% of them, while above nine percent 

(9.72%) of them reclaimed mined site through the cultivation of tolerant species such as: Khaya senegalensis, Azadirachta indica, 

Mangifera indica, Eucalyptus camaldulensis etc 

 

Waste Management:  There were several methods of waste management techniques employed in the area. Some of these include 

the alternative use of dugout soil for other purposes (32.26%). For instance, in road construction, block molding as revealed by 

them, 8.06% of the respondents identified that the area where gold was dominated have been purely designated for mining purposes 

while agriculture and residential area were classified out of the mining surrounding. Over (22.58%) of the respondents identified 
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digging of waterways and the channelization of the mined ï site run-off to designated dam and isolated river normally used for 

gold washing in order to protect other adjacent water body and farmland from pollution. Above nineteen percent (19.35%) of them 

states the isolation of rivers where mined gold is normally washed as a way to mitigate the negative effect of mining in the study 

area. 

 

Water Treatment: Based on the investigation, results show that (25.00 %) of the respondent identified the addition of neutralizing 

agent to mine polluted wells, 34.09 % attested to the use of legislation to guide against the consumption of gold mining polluted 

well and another 34.09 % percent usually applied organic method of water treatment on their source of useable or drinkable water 

due to the hazardous effect of mining on the community dwellers.  

Also, shutting down by laws and local pressure was adopted in the study area. More than thirty-two percent of the respondents 

identified the use of local laws to shut down mining operations. Fifteen percent (15.00%) of them identified establishment of -post-

closure supervisory teams, 34.78 % of them recognized the forceful termination) of mining license by the Government due to the 

activities of the pressure groups within the mining communities as measures towards mitigating the effects of gold mining.         

 

Conclusion 

From the results of this study, it could be concluded that the mining and exploration of gold pose great dangers with potential health 

risks to mining workers and neighbourhood communities, especially those whose livelihood activities are forest based such as; fuel 

wood collection, sources of herbs, fruits and seed gathering, harvesting of timber and other wood types, collection of non-timber 

forest products etc. Also, Government, individuals and mining companies displayed various mitigations and correctional efforts 

towards minimizing the effects of mining. Despite these efforts, the effects of miming on forest-based livelihood activities in the 

study area are still enormous.            

 

Recommendation 

Emphasis should shift towards effective utilization of the mine resources to minimize waste. This could be achieved by enhancing 

the local miners to have sophisticated sorting equipment, and also educating the miners on how to convert the enormous wastes to 

by-products. The miners should be sensitized to cover the open pit after mining to reduce mining-induced danger to vegetation, 

inhabitants and the neighbourhood of the mining location. Safe disposal of unavoidable waste in a stable and aesthetically 

acceptable structure must be enforced through legislation.  
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Abstract 

Sexual dimorphism and reproductive allocation studies often require the knowledge of the dimorphic traits required to differentiate 

the sexes especially at seedling stage.  A study was therefore designed to investigate the dimorphic traits of female Garcinia kola 

in the rainforest-mangrove area of Onne, Rivers state. Three (3) female trees that have been observed to flower regularly for three 

years were randomly selected for the study: a total of 100 inflorescence was randomly collected from the crown of each tree and 

500 flowers randomly assessed within the period of four (4) flowering seasons: floral sex assessment was done visually and with a 

hand magnifying lens. Three (3) flowering twigs were randomly collected from the crown of each tree and twenty-seven (27) 

reproductive and vegetative traits assessed per tree. Traits were subjected to principal component analysis (PCA) to understand 

the combination of traits most relevant for sexual differentiation of the female tree. Five (5) principal components with eigen Value 

greater than 1 were extracted. Component one explained 39% of the variation, component two 29%, component three 11%, 

component four 9%, and component five 4%; communality for almost all the factors was close to 1 indicating high level of 

relationship between factors. Each of the components provides an insight into the combination of traits that that are important to 

the estimation of floral dry weight, vegetative dry weight, reproductive allocation and sexual differentiation of the tree. 

 

Keywords: components, sexual, traits, vegetative, reproductive. 

 

 

Introduction  

Investigating correlations among dimorphic floral traits may provide insights into how selection shapes patterns of dimorphism in 

dioecious and monoecious populations (Yakimowski et al. 2010). Patterns of dimorphic behaviour in plants are important to the 

understanding of reproductive behavioural and evolutionary studies but equally needed for early differentiation of seedling gender 

in the nursery particularly in dioecious species. Dimorphic traits that are identifiable or pronounced at early stage are required to 

separate the sexes at an early stage. 

Sexual dimorphism studies related to plant sex mediated response to resources such as light and nutrients or growth rate and dry 

weight can be of great help in finding the combination of dimorphic traits needed to early plant gender differentiation in the nursery. 

For example, Tonnabel et al. (2019) investigating sex-specific selection on plant architecture through 'budget' and 'direct' effects 

in experimental populations of a wind-pollinated herb Mercurialis annua documented some correlations of dimorphic traits such 

as high-density planting favouring male sex selection while low density favoured female sex selection. The particular response of 

different species to sex selection at low and high-density planting nevertheless needs to be investigated as plants respond differently 

to different environmental niches (Delph, 1996). This divergent dimorphic behaviour of different sexes has been reported by some 

authors; males trees sometimes are smaller in size in (Delph, 1999), show lesser natural defence (Avila-Sakar and Romanow 2012), 

and express lower rates of gas exchange and lower water-use efficiency (Dawson and Geber 1999) in comparison to females while 

sometimes male and female trees different in longevity (Delph, 1999). 

Morphological differences between male and female trees could arise due to the variations in the physiological requirements for 

the fulfilment of the particular sex function (Downhower 1976; Freeman et al. 1976; Harris and Pannell 2008). For example, female 

trees in preparation for their reproductive function of fruit and seed production may acquire vegetative traits that enable the 

deployment of carbon and water (Obeso 2002; Burd 1994; Dawson and Geber 1999). Sexual dimorphism could also arise due to 

the variation in the type of resources required for the different sex functions which in turn results in the acquisition of morphological 

traits that enhance the harvesting of the resources (Conn and Blum 1981; Zimmerman and Lechowicz 1982; Lovett-Doust et al. 

1987; Dorken and Barrett 2004; Herlihy and Delph 2009; Harris and Pannell 2008; Teitel et al. 2016; Tonnabel et al. 2017). There 

is also the element of sexual dimorphism arising due to sexual or fecundity selection or even heredity (Delph and Ashman 2006; 

Delph et al. 2011; Moore and Pannell 2011). There is therefore the need to investigate the combination of traits that can help to 

separate the sexes at the early nursery stage especially for dioecious and subdioecious species. A study was therefore designed to 

investigate the dimorphic traits of female G. kola.  

 

Materials and methods 

Study area 

The study was conducted at the Swamp Forest Research station, of the Forestry Research Institute of Nigeria. The area is located 

on Latitude 4o42´ - 10o32´N and Long. 7o10´ - 32o46´E, with 2400 mm mean annual rainfall, relative humidity 78% in February 

(dry season) and 89% in July (rainy season), mean annual temperature 27oC in February and 25oC in July, soils are ultisols derived 

of coastal sediments, highly acidic (pH 4.4), with low fertility, and classified as siliceous, isohyperthermic, typic paleudult, usually 

deep, chemically poor, well drained with good physical properties. The vegetation is a rainforest-mangrove transition forest zone. 
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In this preliminary study three (3) female trees that have been observed to flower regularly for three years were randomly selected 

for the study: a total of 100 inflorescence was randomly collected from the crown of each tree and 500 flowers randomly assessed 

within the period of four (4) flowering seasons: floral sex assessment was done visually and with a hand magnifying lens. 

Three (3) flowering twigs were randomly collected from the crown of each tree and the following twenty seven (27) reproductive 

and vegetative traits assessed per tree: number of twig per branch (counted), twig length (cm), number of leaf per twig (counted), 

inflorescence length (cm), inflorescence width (cm), number of flower bud per inflorescence (counted), leaf length (cm), leaf width 

(cm), petiole length (mm), petiole width (mm), number of inflorescence per twig (counted), total number of branches per tree 

(counted), branch diameter (mm), pedicel length (mm), pedicel width (mm), sepal length (mm), sepal width (mm), petal length 

(mm), petal width (mm), stigma length (mm), stigma width (mm), style length (mm), style width (mm), ovary length (mm), 

reproductive allocation (%), floral dry weight (g), and vegetative dry weight (g): measuring instruments used were veneer calliper 

and ruler graduated in millimetre and centimetre respectively. Twig was separated into floral parts (flowers, and inflorescences) 

and vegetative parts (leaves and stem) and air-dried at ambient temperature until constant weigh was achieved. Data was analysed 

with the aid of principal component analysis (PCA). Reproductive allocation (RA) was calculated viz (Shivannah and Tandon 

2014): 

Ὑὃ
Ὂὰέὶὥὰ Ὠὶώ ύὩὭὫὬὸ

ὠὩὫὩὸὥὸὭὺὩ Ὠὶώ ύὩὭὫὬὸ
ρππ ρ 

 

Results and discussions 

Using Kaiser rule (Johnson and Wichern, 1982) five (5) principal components with eigenValue greater than 1 (fig. 1) were 

extracted. Component one explained 39% of the variation, component two 29%, component three 11%, component four 9%, and 

component five 4%; communality for almost all the factors was close to 1 indicating high level of relationship between factors 

(table 1). Each of the components provides an insight into the combination of factors that that are important to the estimation of 

floral dry weight, vegetative dry weight, reproductive allocation and sexual dimorphic characters of the tree. 

Component one showed a significant high loading of reproductive allocation, vegetative dry weight, and floral dry weight along-

side factors such ovary length, style length and width, stigma length and width, petal length and width, sepal length and width, 

pedicel width, number of twigs per branch, petiole width, number of inflorescences per twig and branch diameter: Component two 

shows a significant high loading of reproductive allocation along-side factors such as ovary and style length, petal length and width, 

sepal length and width, pedicel length and width, number of twigs per branch, number of inflorescences per twig, twig length, 

number of leaves per twig and inflorescence width: Component three showed significant high loading of branch diameter and total 

number of branches along-side factors such as petiole length, inflorescence width, twig length and number of leaves per twig: 

Component four showed significant high loading of petiole length and width along-side factors such as number of flower bud per 

twig, inflorescence length and width, and number of leaves per twig; while, component five showed high significant loading of 

branch diameter along-side factors such as leaf length, width, and inflorescence width (Table 1). While components one and two 

explained more of the combination of factors important to reproductive allocation estimation, components three, four and five 

relates more to sexual dimorphic characters of the tree. 

Sexual dimorphism is a factor frequently associated with dioecious and subdioecious species (Delph et al., 1996; Eckhart, 1999). 

In studying sexual dimorphism authors often use different floral and vegetative traits or factors. For example, Yakimowski et al. 

(2010) investigating floral dimorphism in plant populations with combined versus separate sexes measured factors such as total 

number of flowers per inflorescence, daily display size (number of flowers in anthesis), perianth diameter, and leaf mid-vein length 

of the subtending leaf to the inflorescence. Asouad et al. (1977) studied the reproductive capacities in the sexual forms of the 

gynodioecious species Thymus vulgaris using factors such as number of inflorescences per plant, length of styles, corolla size and 

total number of pollen grain found on the stigma. Understanding the combination of vegetative and floral traits that best differentiate 

the sexes in dimorphic populations is therefore a central issue in any study of sexual dimorphism (Delph 1996). This is because in 

plants sexual dimorphic features may not readily be identifiable (Harris and Pannell 2008; Renner 2014). Hence, plant reproductive 

biologists have been working to trace patterns of sexual differentiation in dimorphic populations. Sexual dimorphism has been 

traced to traits and behaviours such as flower size, time and duration of flowering, physiology, allocation of resources to vegetative, 

fruit, seed, pollen production, size of ovary and floral production etc (Bawa and Webb, 1983; Agrawal et al., 1999; Mazer et al., 

1999; Venable and Lloyd, 2004; Vilas and Pannell 2011). 
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Figure 1. Components and eigen values 

 

Table 1. Principal components extracted and percent variation explained, communality, and specific factor of variation. 

Traits/  

% 

PC1 

39% 

PC 

29% 

PC3 

11% 

PC4 

9% 

PC5 

4% 

Comm Specific 

Twig Length -0.184 0.434 0.803 -0.099 0.083 0.883 0.117 

Leaf per Twig -0.149 0.395 0.572 -0.491 0.147 0.769 0.231 

Inflorescence length -0.259 0.039 -0.284 -0.893 0.220 0.996 0.004 

Inflorescence width 0.043 0.337 -0.685 -0.508 0.310 0.938 0.062 

No of flower bud 0.284 0.016 0.102 -0.854 -0.036 0.822 0.178 

Leaf Length 0.204 -0.447 -0.208 -0.006 -0.829 0.972 0.028 

Leaf Width 0.291 -0.190 0.098 0.190 -0.885 0.949 0.051 

Petiole Length -0.027 -0.285 0.739 0.317 0.025 0.729 0.271 

Petiole Width 0.445 0.245 -0.201 0.665 -0.038 0.741 0.259 

Inflorescence per twig 0.612 -0.754 -0.037 0.040 -0.201 0.986 0.014 

Twig per branch 0.590 0.682 0.066 -0.215 0.140 0.883 0.117 

Number of branches -0.096 -0.088 0.824 -0.145 0.040 0.719 0.281 

Branch diameter 0.480 0.147 -0.555 0.148 -0.541 0.875 0.125 

Vegetative dry weight -0.954 0.183 0.075 -0.026 0.203 0.991 0.009 

Floral dry weight -0.963 -0.163 0.145 -0.069 0.116 0.993 0.007 

Reproductive allocation 0.535 -0.742 -0.006 0.029 -0.202 0.879 0.121 

Pedicel length -0.177 -0.972 0.046 0.001 -0.104 0.989 0.011 

Pedicel width 0.356 0.925 -0.062 0.009 0.069 0.991 0.009 

Sepal length 0.356 0.925  -0.062 0.009 0.069 0.991 0.009 

Sepal width 0.867 0.479 -0.098 0.040 -0.073 0.998 0.002 

Petal length 0.356 0.925 -0.062 0.009 0.069 0.991 0.009 

Petal width -0.612 0.754 0.037 -0.040 0.201 0.986 0.014 

Stigma length -0.969 -0.171 0.099 -0.048 0.132 0.997 0.003 

Stigma width -0.969 -0.173 0.099 -0.048 0.132 0.997 0.003 

Style width -0.969 -0.172 0.099 -0.048 0.132 0.997 0.003 

Style length 0.356 0.925 -0.062 0.009 0.069 0.991 0.009 

Ovary length -0.831 -0.543 0.096 -0.037 0.059 0.998 0.002 
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* Factor loadingÓ0.3=significant; Trait=vegetative and reproductive traits; %= percentage proportion of variation explained per 

component; PC=principal component; Comm=communality of variation of traits; Specific=variation unique to a trait. 

 

Conclusion 

Five (5) principal components with eigenValue greater than 1 were extracted. Component one explained 39% of the variation, 

component two 29%, component three 11%, component four 9%, and component five 4%; communality for almost all the factors 

was close to 1 indicating high level of relationship between factors. Each of the components provides an insight into the combination 

of traits that that are important to the estimation of floral dry weight, vegetative dry weight, reproductive allocation and sexual 

differentiation of the female G. kola tree. 
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Abstract 

Rapid genetic erosion of wild species from deforestation coupled with the immerse benefits of wild species calls for urgent massive 

conservation efforts. This study was therefore carried out to assess the effect of soaking and storage duration on the germination 

and growth of wild soursop with the aim of conserving it. The two factors nursery experiment comprised of storage time (0, 2, 4, 

and 6 weeks) and soaking time (0.8, 16 and 24 hours) arranged in completely randomized design in five replications. Data collected 

on germination: number of leaves, plant height, collar diameter and biomass, were subjected to descriptive as well as analysis of 

variance using SAS and significant means were separated using Fishers least significant difference at 5% level of probability. 

Results showed that seed stored at 0 weeks soaked for 8 hours had the highest germination percentage of 92% while the least was 

observed in 6 weeks with 0 hours soaking. The result also showed that soaking duration had significant effect PÒ0.05 on number 

of leaves, plant height and biomass. The effect of storage was also significant on number of leaves and biomass. The interaction 

between soaking and storage duration had significant effect PÒ0.05 on collar diameter and biomass. The study demonstrated that 

soaking seeds of wild soursop enhances germination resulting in uniform seedlings growth as well as improved growth parameter 

of this wild species.  

The study recommends that seeds collected for conservation purposes, should not be stored for more than two weeks at room 

temperature. 

 

Key words: wild soursop, germination, storage, soaking, growth 

 

 

Introduction  

Annona senegalensis, a wild fruit tree commonly known as wild soursop or wild custard apple belonging to the family Annonaceae 

has immerse benefits to man, animal and industries (NRC, 2008). The fleshy pulp is eaten by man and the leaves are used as fodder 

for livestock.  The leaves are also used for treating pneumonia and as a tonic to promote general well being. The bark is used as an 

insecticide and also used for treating guinea worms and other worms, diarrhoea, gastroenteritis, snakebite, toothache and respiratory 

infections. The gum from the bark is used in sealing cuts and wounds (Orwa et al., 2009). The roots are used for stomachache and 

venereal diseases (Orwa et al., 2009).With these enormous benefits of this wild species to man and livestock, it is expedient to 

conserve and improve upon the traits to meet the demand of man and other users.  

The use of wild plants or crop wild relatives in breeding cannot be overemphasized. They are useful genetic resources used in 

breeding improved varieties that are high yielding, nutritious, pest and disease resistant, stress tolerant and resilient. These benefits 

derived from wild species may be hampered by their inadequate representation in gene banks and the loss of wild varieties to 

deforestation, unsustainable harvesting and usage, climate change and other impacts (Castañeda-Álvarez et al. 2016). There is 

therefore the need to prevent the loss of these useful genetic resources and to maximize their availability. This demand an urgent 

attention in ensuring their appropriate conservation and sustainable use.  

The immense benefits of this wild species and the threat posed by mass genetic erosion calls for massive germplasm collection and 

conservation efforts. Through germplasm collection, the genetic diversity essential to any tree improvement programme could be 

safe guarded, (Asaah et al., 2006). Seed storage which is an ex situ germplasms conservation is an essential step for the long-term 

conservation of plant genetic resources. Seed storage is employed in maintaining seed viability for longer period and this is very 

crucial in preserving the genetic integrity in stored seeds (Pradhan and Badola, 2012). Seed storage mostly in genebanks is the most 

practical ex situ conservation technique for many plant species (Maxted et al., 2013)  

Seed is the reproductive unit which also houses the genetic material of any plant. Viable seeds are essential for continuity of any 

species. Seed storage plays an important role in making large volume of viable seeds available for use (Merritt and Dixon, 2011). 

Different types of seed respond different to storage duration. Orthodox seeds could store successfully for long durations at low 

temperature and low moisture content (Fennessy, 2002) while recalcitrant seeds do not store because as the storage period increases, 

moisture content further reduces and respiration rate declines (Warren and Adams, 2001).  

Seed germination is an important aspect of plant conservation. The key to success in seed propagation is proper timing and high 

germination percentage.  Plants that possess hard coat poses serious problem to seed germination by hindering water permeability 

and germination thereby resulting in seeds taking too long to germinate or have random germination when no pre-germination 

treatment is applied (Azad et al. 2010). Pre-germination treatment technique such as soaking enhances germination in hard coated 
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seed.  Seed soaking before sowing is employed to shorten the lag phase in germination thereby resulting in faster seedling 

establishment (Azad et al. 2010). 

 Since storage is an important factor in preserving viable seeds from time of collection until they are required for sowing (Ojo, 

2008), it is thus important to identify how long seed stored will maintain viability. The study also aimed at identifying the most 

effective soaking period for germination, growth and development of wild soursop. This will add to the information necessary for 

the conservation and utilization of this wild species as the use of crop wild relatives is expected to increase with better information 

about the species (Castañeda-Álvarez et al. 2016). This study was, therefore conducted to determine the effect of storage and 

soaking duration on the seed germination and seedling growth of wild soursop for conservation purpose.  

 

Materials and methods 

Matured fruits of A. senegalensis were sourced and allowed to ferment for easy extraction of seeds. Seeds were extracted from the 

softened fruit manually with the use of hands. The extracted seeds were tested for their viability by the floatation method. Only the 

unfloated seeds were considered viable and suitable for the experiment. The floated seeds are mainly the immature seeds and were 

therefore discarded. The seeds were stored at room temperature in the laboratory for further usage.   

Experimental site 

The experiments were carried out at the Physiology Nursery of Forestry Research Institute of Nigeria (FRIN) Headquarters, Jericho, 

Ibadan. FRIN is located on the longitude 07023'18''N to 07023'43''N and latitude 03051'20''E to 03051'43''E. The climate of the 

study area is the West African monsoon with dry and wet seasons. The dry season is usually from November through March and 

is characterized by dry cold wind of harmattan. The wet season usually starts from April to October with occasional strong winds 

and thunderstorms. Mean annual rainfall is about 1548.9 mm, falling within approximately 90 days. The mean maximum 

temperature is 31.90C, minimum 24.20C while the mean daily relative humidity is about 71.9% (FRIN, 2015). 

Experimental procedure 

A total of 800 seeds was used for the entire experiment which was divided according to the treatment combinations below:  the 

treatment comprised of two factors at four levels each. Factor one is storage time (0, 2, 4 and 6 weeks) while factor 2 is soaking 

time (0.8, 16 and 24 hours). These were combined in the following ways: 

 

Table 1: Treatment combination for the experiment 

Treatment combination s 

Storage time (weeks)  Soaking time  (hours) 

Ti 
0 0 

T2 
0 8 

T3 
0 16 

T4 
0 24 

T5 
2 0 

T6 
2 8 

T7 
2 16 

T8 
2 24 

T9 
4 0 

T10 
4 8 

T11 
4 16 

T12 
4 24 

T13 
6 0 

T14 
6 8 

T15 
6 16 

T16 
6 24 

 

Each of the treatments combinations comprised of 10 seeds replicated five times making a total of 50 seeds for each of the treatment 

combination. 
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The seeds were broadcasted on a germination sieve filled with top soil. These are arranged in a completely randomized design in a 

nursery shed. Watering was done daily.  

After germination, the seedlings were potted in a 6òX 8ò polythene pots and nursed for 6 weeks. At 6 weeks, 80 uniformly growing 

seedlings were selected from all the treatment combinations for assessments. The assessment was done at two weeks interval for 

six months. 

Data collection and analysis 

Data was collected on the following germination parameters 

ü Number of seeds germinated: the number of seeds that germinated was counted on a daily basis from the onset of seed 

germination until no further germination occurred.  Annona senegalensis exhibit epigeal form of germination, 

germination was therefore said to occur when the plumule rises above the soil. 

ü Germination percentage (GP): It is computed as follows:  

GP = 
   

    
 ὢ ρππ 

ü Number of leaves : Physical counting of the leaves  

ü Collar diameter (mm): By the use of digital vernier caliper placed at the marked collar  

ü Plant height: By the use of meter rule. This was placed at the base of the plant and stretched to the tip of the plant. The 

distance between the base to the tip of the plant is the plant height 

ü Biomass: this was destructively measured at the beginning and end of the experiment. The seedlings were dipped into a 

bowl of water to loosen the soil off the root. The young plants are then dried in an oven until a constant weight is obtained. 

This serves as   dried biomass weight.  

The collected data was subjected to analysis of variance (ANOVA) using SAS (2000) and means that are significant were separated 

using Fishers least significant difference at 5% level of probability. Results are presented in graph and tables. 

  

Results  

The results revealed that higher percentage of 50% and above were recorded for the seeds stored from 0 to 2 weeks irrespective of 

the soaking duration while seeds stored for 6 weeks irrespective of the soaking duration recorded very low germination percentage 

of less than 20%. However, the result further revealed that seeds sown immediately after extraction with 8 hours soaking had the 

overall highest germination of 92%. This was closely followed by freshly extracted seeds sown after zero hours of soaking and 

seeds stored for one week and eight hours of soaking. They both produced the same germination percentage of 88%.  The least of 

all was recorded in seeds sown after 6 weeks storage without soaking.  

 

 
Figure 1: Germination percentage (%) of wild soursop as affected by soaking and storage duration  

 

The mean square analysis for the effect of soaking and storage duration on the growth traits of wild soursop showed that soaking 

duration had significant effect PÒ0.05 on number of leaves, plant height and biomass (Table 2). The effect of storage was also 

significant on number of leaves as well as on biomass. The two way interaction between soaking and storage duration had 

significant effect PÒ0.05 on collar diameter and biomass.  
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Table 2: Mean square effect of storage and soaking duration on the growth traits of A. senegalensis 

Sources of variation  DF NOL Height CD Biomass 

Soaking 3 125.381* 132.482* 16.179* 14.508* 

Storage 3 215.547* 70.48ns 1.200ns 24.584* 

soaking*storage 9 69.825ns 51.501ns 4.381* 32.028* 

Error 64 41.706 31.949 1.436 1.84 

total  79     
*significant (p<0.05), ns- not significant (p>0.05) 

 

Seeds soaked for 16 hours produced the highest number of leaves followed by seeds soaked for 24 hours (Table 3). The least 

number of leaves was observed in seedlings produced from seeds soaked for 8 hours though not significantly different from each 

other (Table 2).   

Seeds soaked for 24 hours produced the tallest plant of 17.375cm followed by seeds soaked for 16 hours and the shortest plant was 

produced from seeds soaked for 8 hours.  

The seedlings produced from seeds soaked for 24 hours performed better than all the other soaking durations in terms of collar 

diameter as it recorded a mean collar diameter of 4.432mm and the least was observed among the seedlings produced from 0 hours 

soaking with a mean collar diameter of 2.478mm. 

The effect of soaking duration on biomass was significant effect. The highest biomass of 6.741g was observed in 16 hours soaking, 

next to this is 8 hours and 24 hours soaking which produced the same effect.     

 

Table 3: Effect of soaking time on growth traits of wild soursop 

soaking time  

(hours) NOL Height (cm) CD (mm) Biomass (g) 

0 13.69a 12.32c 2.478c 4.934b 

8 13.3a 11.73c 2.623bc 6.558ab  

16 18.65a 14.715b  2.902b  6.741a  

24 14.05a  17.375a 4.432a 6.592ab 

Sig 0.037 0.100 0.00 0.00 

 

The storage duration had significant effect pÒ0.05 on number of leaves and biomass (Table 2). The mean effect revealed that 0 

weeks storage had the highest number of leaves of 18.94 followed by 2 week storage which produced number of leaves of 15.90 

(Table 4). The least number of leaves was observed in 6 weeks storage.  

The highest biomass of 7.362g was produced from 0 weeks storage followed by 2 week storage and the least biomass of 5.131g 

was observed among seedlings raised from seeds stored for 6 weeks.    

 

Table 4: Effect of storage time on the growth traits of wild sour sop  

Storage 

duration 

(weeks)  

Number of 

leaves 
Height (cm) 

Collar diameter 

(mm) 
Biomass (g) 

0 18.94a 16.085a 3.428a  7.362a 

2 15.90b  12.37a 3.099a 6.937b 

4 13.60c  15.17a 3.075a 5.393c 

6 11.25d 12.51a 2.832a 5.131c 

Sig 0.003 0.096 0.479 0.000 

 

Table 5: Interactive effect of soaking and storage duration on the growth traits of wild soursop 

The two way interaction between soaking and storage duration on wild soursop had no significant effect on number of leaves 

produced. Nonetheless, the highest number of leaves of 23.00 was observed among the seedlings raised from seeds soaked for 16 

hours after 0 week of storage, next to this were seeds soaked for 24 hours at 0 weeks storage with a biomass of 21.76g.  Higher 
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biomass of 19.40 was recorded for 8 hours soaking and 0 weeks storage as well as 20.00g for 24 hours at 2 weeks of storage. The 

least of all was observed among seedlings raised from seeds stored for 6 weeks at 0 hour soaking.  

Soaking 

duration 

(hours )  

Storage 

(weeks) 

Number of 

leaves Height (cm) 

Collar 

diameter (mm) Biomass (g) 

0 0 14.60a 13.12a 2.596c 9.85a 

0 2 11.20a 13.54a 2.138d 7.028b 

0 4 10.60a 17.72a 2.152d 3.484e 

0 6 7.80a 14.48a 4.722ab 6.600c 

8 0 19.40a 11.44a 2.93c 4.634d 

8 2 10.20a 9.60a 3.38b 2.988e 

8 4 8.60a 14.20a 2.49c 5.284cd 

8 6 15.00a 11.68a 1.692e 6.830c 

16 0 23.00a 17.24a 2.674c 9.186a 

16 2 20.00a 11.98a 2.144d 9.652a 

16 4 15.80a 14.10a 2.702c 5.408cd 

16 6 15.80a 5.96a 2.394cd 1.986f 

24 0 21.76a 22.54a 3.128b 5.78cd 

24 2 20.00a 14.38a 4.736ab 8.08b 

24 4 10.00a 14.66a 4.958a 7.398b 

24 6 13.00a 17.92a 4.906a 5.108d 

Sig  0.114 .131 .004 0.000 

 

Discussion  

Rapid genetic erosion of wild species from unsustainable tropical deforestation coupled with the immerse benefits of wild species 

calls for urgent massive conservation efforts. Seed storage is a critical step in conservation as this will greatly influence the lifespan 

of seeds because seeds need to be stored from time of collection until they are required for sowing (Ojo (2008). Hard-coated tree 

species poses serious problem in germination which hinders these species for conservation, therefore finding alternative to this 

problem is necessary. 

 Higher percentage of 80% and above recorded for seeds stored for 0 weeks irrespective of the soaking duration and subsequent 

decline to about 50% after 4 weeks of storage and to less than 20% seed germination for seeds stored for 6 weeks is an indication 

that the seed loses viability as storage time increases.  This finding agrees with the findings of Kandari (2008) who observed a 

steady decrease in viability of tropical tree species when stored beyond 2weeks. 

On the soaking effect, seed soaking enhances germination of wild soursop. This is in line with the thought of Copeland (1976) who 

observed that most seeds when swollen in water and sown germinate faster than unsoaked seeds. This also is in line with many 

authors who reported that soaking seeds before sowing increase seed germination (Alamgir and Hossain, 2005, Azad et al., 2010, 

Olatunji et al., 2013 and Billah et al., 2015; Odoi et al., 2019)  

 

The result also showed that soaking duration had significant effect PÒ0.05 on number of leaves, plant height and biomass (Table 

2). Seeds soaked for 16 hours produced the highest number of leaves followed by seeds soaked for 24 hours. Seeds soaked for 24 

hours produced the tallest plant of 17.375cm followed by seeds soaked for 16 hours. The highest biomass of 6.741g was observed 

in 16 hours soaking. The high performance in 16 and 24 hour soaking treatment suggest the seed of A. senegalensis require an 

optimal level of moisture through soaking to activate the embryo to commence the process of cell division, differentiation and 

multiplication to grow into a seedling. This according to Sabongari and Aliero, 2004 is due to hydrolysis of complex into simple 

sugars that are readily utilized in the synthesis of auxins and proteins. The auxins produced help to soften cell walls to facilitate 

growth and the proteins readily utilized in the production of new tissues (Sabongari and Aliero, 2004). 

 

The storage duration had significant effect pÒ0.05 on number of leaves and biomass (Table 2). The seed stored for 0 weeks had the 

highest number of leaves of 18.94 followed by 2 weeks storage which produced 15.90. The highest biomass of 7.362g was produced 

from 0 weeks storage followed by 2 week storage. The least of these two were produced by the 6 weeks storage.  This is a pointer 
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that as seed loses moisture during storage, even though germination eventually takes place, the vigour of the seedling produced 

will be adversely affected and these seedlings may not be able to survived further thus hampering the conservation of the species. 

This result is also a clear indication that sowing seeds immediately after collection not only produced the highest germination 

percentage but also enhanced the growth of this wild species . Thus, suggesting the inadequacy of ambient temperature in storing 

seeds.  

 

Conclusions and recommendations  

The study demonstrated that soaking seeds of wild soursop enhances germination resulting in high germination percentage as well 

as uniform seedlings growth. Soaking of seed also improved the collar diameter, height and biomass accumulation of this wild 

species.  

The result of this study also demonstrated seed storage duration affect seeds germination as sowing immediately without storing 

the seeds of wild soursop also resulted in the production of seedlings with good vigour in terms of number of leaves and biomass 

accumulation.  

It concludes convincingly that there is prospect for the conservation of this wild species by giving due consideration to the storage 

as well as soaking time because storage duration affects the seed germination percentage in wild soursop which declines with 

increasing storage duration irrespective of soaking duration as well as affected the vigour of seedling produced.  

The study recommended that for producing seedlings with good vigour for conservation of this wild species, seeds collected should 

not be stored for more than 2 weeks at room temperature for best result. Research on storage conditions necessary for long time 

storage for the conservation of this species is advocated.  
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INTRODUCTION  

To address the topic, questions may help. What becomes of forestry in Nigeria especially now that forests are becoming ñofficialò 

enemies of state? Are forests responsible for banditry in Nigeria? What is forestry? What happened to the scope of forestry in the 

past one hundred years? Has Nigeriaôs forestry changed significantly from the colonial format she had at independence? What has 

become of the various formulas in forestry management? Who are the managers of forestry in Nigeria, the forestry professional or 

the political officer holder? What are forest resources? Are forest soil microbes and macrobes as important as the ñminedò timbers?  

What are the glorified products from the forests in the past one hundred years? What is the meaning of ñminor forest productsò and 

the later transmuted terminology ñnon-wood forest productsò?  

What is climate change? Can the forests survive? What is the scope of forestry? Are we aware that forest soils and microorganisms 

are crucial to the health of worldôs climate? Are we aware that soil microbes alone account for a large chunk of sequestered carbon? 

Are we aware that the oceans and the water bodies also sequester large quantities of carbon?  

What happens to the climate when western nations begin mining on the Moon and perhaps Mars? What are the effects of deep-sea 

mining that has become a craze in the western world? What are the effects of military laser weaponry that is becoming a global 

threat on climate? What about classified information concerning the effects of nuclear tests on climate? Can forests help mitigate 

the current level of electromagnetic radiation in the environment? What will be the level of radon gas on soil surface and the 

environment generally, when forests are gone? Is there any consciousness about the possible level of radon gas emitted currently 

because of the removal of forest vegetation, indiscriminate mining, and house constructions especially in the mushrooming housing 

estates in the country? How many know that an increase in the level of radon gas in the environment will led to an increase in lung 

cancer? When the myriads of soil microbes are destroyed resulting from deforestation, what happens to human biome?  Will 

geopathic stress increase when forests are gone? Does it ever occur to anyone that ñestatesò in Nigeria do not promote good health 

because of the concretes, buried microbes, and lack of forest plots?  

Is there any relationship between forest destruction and the rising frightening level of deadly diseases such as cancer, diabetes, 

hypertension in Nigeria? Are the forests not helpful in minimizing road rage, domestic violence, and suicide? Can forest resources 

help to curtail the rising levels of hunger and ñhidden hungerò (Type B malnutrition)? 

What happened to indigenous knowledge especially about forest management? Is the assemblage of indigenous knowledge not 

important now than ever before? Can forestry begin to include indigenous knowledge studies in her curricular?  

What are the prospects of forests in the next one hundred years? Is there a political will to plan for the next one hundred years? Are 

there forestry professionals who are dreaming of forests in the next one hundred years in Nigeria?  

Are forestry professionals trained (formal and self-trained) enough to cope with the emerging scenarios in the world?  

Are there forestry professionals who will champion neuroplasticity in foresters and stakeholders in forestry? Can FRIN and other 

stakeholders in forestry advance a policy on Healing Forests in Nigeria? When shall a school, faculty, department of herbal and 

natural medicine be established or taught in institutions of forestry in Nigeria?  

What happens to the forests in case of nuclear attacks? Are there plants in the forests that can ameliorate or withstand nuclear 

radiation? Can there be a ñdoomsday forest reserve and vaultò in Nigeria? Can FRIN, Universities with forestry faculties or 

departments and other stakeholders have lands where forest plants, insects and other creatures can be cultivated? 

Is it not possible to extend the scope of forestry to plant and animal populations in oceans and other water bodies?  

What have forestry professionals learnt in the past two decades about modern methods of forest management? Are the syllabi of 

forestry schools and institutions in Nigeria relevant in addressing current situations in the country and in the world? Can 

postgraduate studies in forestry include such fields of study as forest archeology, biophysics, human brain studies, e-electricity 

studies and innovation, graphene, and space science? Can forestry incorporate the study of Periodic Table as an economic tool for 

development? Can Nigeriaôs forestry learn from Japan, China, India and other nations that have developed trade in insects, 

scorpions, earthworms and others for medicine and medicine?  

Is it not time to address the legendary corruption and indiscipline among forestry officials who are conduit pipes in siphoning 

resources from the forests and forest revenue? Have forestry officials not lived riotously and gluttonously to the detriment of their 

primary constituency, which is the forest? 
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Forestry as advocated in this paper can address the persistent and long-term development challenges in Nigeria. The challenges are 

those described by Anigbogu and Adelaja (2015) as challenges mitigating the emergence of Africa. The challenges include among 

others, undiversified production structure, weak governance, low human capital, and climate change. 

This paper presentation will therefore focus more on the problem of undiversified production structure in forestry by giving 

examples of products and services that can be derived from forest resources.  

A. Nuclear Tests: The Great Albatross Hanging on Global and Extra Terrestrial Climates 

In the New Mexico desert just three weeks before the atomic bombings of Hiroshima and Nagasaki, in 1945, the United States 

conducted the worldôs first nuclear test explosion, code-named ñTrinityò. Its giant fireball turned the sands into glass, illuminated 

the surrounding mountains, and sent a mushroom cloud of radioactive debris 12 kilometres into the sky (The International 

Campaign to Abolish Nuclear Weapons (ICAN), 2017). 

Since the first nuclear test explosion on July 16, 1945, at least eight nations have detonated 2,056 nuclear test explosions in many 

sites in the world (Arms Control Association, 2020). Around one-quarter of these tests were in the atmosphere ï causing long-term 

harm to human health and the environment. The nuclear explosions have resulted in epidemics of cancers and other chronic 

illnesses. Large swathes of land remain radioactive and unsafe for habitation; even decades after test sites were closed. More than 

60 sites around the world bear the scars of these tests. Even those that have been closed for decades and partially cleaned up remain 

uninhabitable. The sheer scale of the devastation is staggering. The 528 atmospheric tests alone had a destructive force equal to 

29,000 Hiroshima bombs. They dispersed radioactive particles far and wide, poisoning the soil, air, and water  (The International 

Campaign to Abolish Nuclear Weapons (ICAN), 2017). Many underground nuclear blasts have also vented radioactive material 

into the atmosphere and left radioactive contamination in the soil (Arms Control Association, 2020). 

Figure 1 shows the nuclear testing numbers between 1945 and 2017. 

 

Figure 1. Nuclear Testing Tally 145-2017 

Figure 2 shows the number of underground and atmospheric nuclear testing between 1945 and 2017. The number of underground 

testing is about three times that of the atmospheric. These have grave implications for soil, water and food contamination. Food 

produced from such areas are shipped for sale in many other parts of the world. 

The effects of nuclear explosions on the environment are classified information. That is, the population is not to know the adverse 

effects on the environment.  
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The implications of the nuclear testing for peopleôs lives and the Earthôs fragile ecosystems will be felt for generations to come 

(The International Campaign to Abolish Nuclear Weapons (ICAN), 2017).  

Type of Test United States 
USSR/ 

Russia 

United 

Kingdom  
France China India Pakistan 

North 

Korea 
Total 

Atmospheric 215 219 21 50 23 0 0 0 528 

Underground 815 496 24 160 22 3 2 6 1,528 

Total 
1,0301 (Note: does not include atomic 

bombings of Hiroshima and Nagasaki.) 
715 45 210 45 3 2 6 2,056 

Figure 2. The number of underground and atmospheric nuclear testing between 1945 and 2017 Source: Arms Control Association, 

2020 

 

The following remedies can be helpful against radiation. Plastic pollution and herbicides. Radiation is not limited to nuclear tests 

alone but also includes sources such as hospital diagnostic equipment, detection equipment in the airports and offices, 

telecommunication masts, home electrical appliances and the ubiquitous handsets. 

1. Anti-radiation tea: 

Blend Atlantic kelp, Atlantic dulse, dandelion leaf (Taraxacum officinale (L.) Weber ex F.H. Wigg.), and nettle leaf  (Stinging 

nettle Urtica dioica L.) in equal parts. Blend all together, make a tea from a tablespoon of the mixture per cup of hot water. 

Sea kelp is seaweed or algae. The kelp scientific name is Laminariales. Some species of kelp form large forests beneath the shallow 

waters of the ocean. These areas are sometimes referred to as the rain forests of the ocean because of the great biological diversity 

within their midst. 

Kelp is also an important resource for humans and is harvested for food, medicinal purposes and its uses in various products 

(Bethney Foster, 2019). 

2. Anti-Plastic Tea:  

Rid the body of plastic and plastic by-products, blend equal parts fenugreek (Trigonella foenum-graecum L), mullein leaf 

(Verbascum Thapsus Linnaeus), olive leaf (Olea europaea L.), and lemon balm (Melissa officinalis L.). Steep one tablespoon of 

the mixture per cup of hot water for tea. 

3. Anti-Pesticide/Anti-Herbicide/Anti-Fungicide Tea: 

To remove pesticides, herbicides, and fungicides deeply stored in the body, blend equal parts of burdock root, (Arctium lappa L.) 

red clover (Trifolium pretense L.), lemon verbena, and ginger. Steep one tablespoon of the mixture in a cup of hot water to make 

tea. 

Source: 1, 2, 3: (Anthony Williams, 2015). 

Sea kelp is seaweed or algae. The kelp scientific name is Laminariales. Some species of kelp form large forests beneath the shallow 

waters of the ocean. These areas are sometimes referred to as the rain forests of the ocean because of the great biological diversity 

within their midst. 

Kelp is also an important resource for humans and is harvested for food, medicinal purposes and its uses in various products 

(Bethney Foster, 2019).  

The following anti-radiation remedies are from Oluwalana, S. A. and Oluwalana, E.O.A. (2010).  

1. Flax seed (Linum usitatissimum Linn.) water: Shower for 10 minutes, then cleanse the entire body with a flax water decoction 

(3 tablespoons of flax seeds to 2 cups of water, boil for 10 minutes) and then wrap the body into a linen cloth soaked in flax water. 

Do this 2-3 times per day as a measure against radiation. 

From Reinhard Schiller, Author of Hiddergard Medicine Practice. 

2. Nascent Iodine: Supplement with nascent iodine to help counteract the effects of radioactive Iodine. Nascent iodine is one of the 

single most bio-available forms of iodine, and may be effective in aiding individuals exposed to radiation by lowering accumulated 

and stored radioactive toxins in the thyroid gland. 

3. Potassium Ororate: In addition to exposure to radioactive iodine, the body may also be exposed to a radioactive isotope of 

caesium known as Cesium-137.Supplementing with potassium ororate can prevent the accumulation and retention of Cesium-137. 

4. Calcium and Magnesium: Taking calcium or magnesium can decontaminate Strontium 90, a form of nuclear waste. Calcium 

supplementation can lower Strontium absorption by the body by up to 90 percent. 

5. Organic Germanium-132: Taking 100 mg of organic germanium-132 per day is recommended in case of exposure to radiation.  

6. Zeolites: Zeolite clay can be taken internally for detoxing radiation. 

7. Kaolin, Red Clay, Bentonite, Fullerôs Earth, Montmorillonite, French Green Clay: Any of these clays can bond to nuclear waste 

from the body. These clays possess the ability to rid radiation, toxic metals and chemical residues from the human body. They can 

be used in bath, or, can be ingested. 
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8. Cold-pressed organic vegetable oils: Drinking about 100 cl of cold-pressed organic oil is recommended in cases of exposure to 

radiation. Cold-pressed organic oils such as sesame oil, extra virgin olive oil and coconut oil are known to be able to pull radiation 

out from the human body. The lipids in the oils bind the toxins, and they also offer a protective layer on cellular membranes.  

9. Organic Brewers Yeast: As a prevention against radiation exposure, 5 mg. to 15 mg. for children, and 25 mg. to 50 mg. for adults 

of organic brewers yeast are recommended. Double these amounts in cases of direct exposure to to radiation. 

10. Bee pollen: Taking 2 tablespoons bee pollen may lower the negative side effects of radiation exposure, particularly that of 

radium, x-rays and cobalt-60 radiotherapy. 

11. Beets (Beta vulgaris Linn.): Eating a diet heavy in beet pulp can effectively reduce the effects of radio active cesium-137. 

12. Glutamine: Take 5,000 to 15,000 mg of the amino acid glutamine a day as one of the best remedies for shielding the intestine 

from the damage of chemotherapy and radiation. 

13. Umeboshi tea (consisting of umeboshi, a Japanese word for salt plum paste, the root of kudzu plant and, ginger): Put ½ teaspoon 

of kudzu powder in a bowl and combine with enough cold water to make a paste. Mash the paste, then pour 1 cup of hot water over 

it to dissolve it. Then, add ½ teaspoon of umeboshi and ½ teaspoon of grated or powdered ginger, pour the water into a small pot, 

and simmer on low heat for 30 minutes. Strain the mixture before drinking, taking a cup twice a day, including one cup before 

breakfast. It helps to settle the stomach of the cancer patient when the tea is taken first thing in the morning. Umeboshi tea is one 

of the best remedies for nausea and vomiting caused by conventional cancer treatments. 

14. Astragalus/Huang Qi (=yellow energy): Astragalus/Huang Qi (Astralagus membranaceus (Fisch.) Bunge/Astralagus 

mongholicus Bunge), a Chinese herb: is one of the best long-term immune tonics. For adults, take 20 to 30 drops of the tincture of 

Astralagus three times a day. In capsule form, dose is 1,000 mg capsule, three times a day. Astralagus helps to protect patients from 

the side effects of chemotherapy. Astralagus taken inconjunction with Ligustrum lucidum (glossy privet) may increase survival 

rates in patients being treated conventionally for breast cancer. 

15. Supplement programme: Hair loss is often results from chemotherapy and radiation treatments for cancer. To help reduce hair 

loss and speed up its healthy regrowth, take the following supplement programme: Take:  

3 mg biotin twice a day throughout the chemo or radiation treatment, and for two weeks after. After the two weeks, cut back to 3 

mg once a day; 

 a multivitamin-and-mineral capsule every day; 

 400 IU of vitamin E succinate three times a day; 

 500 mg quercetin three times a day with meals; 

500 mg hesperidin three times a day with meals; 

500 mg curcumin three times a day. Dissolve the contents of one capsule in one tablespoon of extra virgin olive oil; 

100 mg of decaffeinated green tea extract with each meal. 

16. Supplement programme: Depressed production of blood-forming cells (bone marrow depression) is a major consequence of 

chemotherapy. The bodyôs hemopoietic system (comprising of the bone marrow, instestinal wall (Peyerôs patches), lymph nodes, 

spleen, and a few other tissues) produce immune cells. When these  cell types are depressed, especially with chemo drugs, there 

can be increased risk of infections, increased spead of the cancer, abnormal bleeding, and severe state of blood insufficiency 

(anaemia).  

To help protect the haematopoietic system, take the following supplement programme: Take: 

500 mg of the flavonoid curcumin three times a day. Dissolve the contents of one capsule in one tablespoon of extra virgin olive 

oil. Curcumin derived from turmeric (Curcuma longa Linn.) not only protects the bone marrow cells, but also capable of stimulating 

the regeneration of the bone marrow cells;  

800 mcg of folate every day. Folate is needed tin haematopoietic cell reproduction;  

1,000 mcg of sublingual methylcobalamin three times a day. Sublingual means that it should be dissolved under the tongue. A day 

after the chemo or radiation treatments are finished, reduce the dosage to one tablet twice a day;  

50 mg of pyridoxal-5-phosphate (the form of vitamin B6 used by the blood cells) every day;  

a multivitamin-and-mineral capsule every day between meals, but in case it causes stomach upset or nausea, take with meals; 

500 mg vitamin C (buffered as magnesium ascorbate) three times a day between meals; 

400 IU vitamin E succinate three time s a day; 500 mg of the vitamin niacinamide twice a day.  

17. Pine Bark Extract: Cancer patients undergoing chemotherapy or radiation treatment should take 50 mg Pine bark extract 

(Pycnogenol) three times a day to reduce the effects of the chemo or radiation treatments such as nausea, vomiting, diarrhea, weight 

loss, ulceration and soreness of the mouth, water retention, and weakness. 

Pine bark extract is a natural extract from the bark of the maritime pine tree (Pinus pinaster Aiton.), a European coastal pine that 

grows along the coast of southwest France. 

Pine bark extract is sold as Pcynogenol (pronounced as pik-NOJ-en-all). 

CAUTION: Avoid use if on blood-thinning medication, as Pycnogenol is a blood thinner. Also, avoid if on medication for diabetes 

as pycnogenol lowers blood-sugar levels. Avoid Pycnogenol if pregnant, or nursing baby.  

18. Sacred clay (Pyrophyllite): Due to its exceptionally small particle size, high silica and high electrolyte content, sacred clay is 

highly recommended during times of radiation emergency. Eat and take sacred clay to pull out all forms of radiation faster and 

effectively. 
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19. Sacred clay (Pyrophyllite), Himalayan salt, Humic/Fulvic Earth, Ocean Magnesium: Combine sacred clay (pyrophyllite), 

Himalayan salt, humic/fulvic earth, and ocean magnesium and use in bath to drastically reduce the effect of radiation and expel 

radiation from the body. 

 

B. Suggested Areas of Utilization in Forest Resources Management: 

1. Soil Microbes: The Unsung Heroes of the Environment: 

Soils bustle with life (Soil Association), and are essential to life. Soils are one of the main global reservoirs of biodiversity. They 

host more than 25 percent of the world's biological diversity (New FAO).  The species range from beetles and springtails to worms, 

spiders, nematodes, and billions of other microorganisms too small to be seen by the naked eye, but vitally important to soil health 

and the planet. Up to 10 billion microorganisms can be found in just a quarter of a teaspoon of soil (Soil Association).  In addition, 

more than 40 percent of living organisms in terrestrial ecosystems are associated with soils during their life cycle (New FAO 

report).  

Soil microbes and animals, from tiny soil bacteria to earthworms, are unsung heroes in the environment, providing hundreds of 

billions of dollars in ecosystem services. These organisms are critical to maintaining the global biosphere and human existence 

(Virginia Tech. 2019). 

Soil microorganisms have a significant potential to mitigate climate change. They play a key role in carbon sequestration and 

reducing greenhouse gas emission. They play a crucial role in boosting food production, enhancing nutritious diets, preserving 

human health, remediating pollution and combating climate change, but their contribution remains largely underestimated. Their 

protection is of the utmost importance to ensure the future of agri-food systems and the provision of key ecosystem services (New 

FAO report).  

Soil microbes include nematodes, tarnigrades, bacteria, protozoa, and fungi. Soil-inhabiting nematodes are one of the most 

abundant creatures on Earth, as just one gram of soil may contain more than a million nematodes. Water bears, or tardigrades, are 

famous for being one of the most resistant animals on Earth. Incredibly, they can go up to 30 years without food or water, can 

survive at temperatures from freezing to above boiling, and can even withstand the vacuum of space (Soil Association). 

Tardigrades, scientifically called Tarnigrada, are 0.5 mm microscopic eight-legged omnivorous animals. They have also been 

observed in all kinds of environments, from the deep sea to sand dunes. Around 1,300 species of tardigrades are found worldwide. 

They belong to an elite category of animals known as extremophiles, or critters that can survive environments that most others 

cannot. For instance, tardigrades can go up to 30 years without food or water. They can also live at temperatures as cold as absolute 

zero or above boiling, at pressures six times that of the oceanôs deepest trenches, and in vacuum of space.  

Their resiliency is in part due to a unique protein in their bodies called Dsup ï short for ñdamage suppressorò ï that protects their 

DNA from being harmed by things such as ionizing radiation, which is present in soil, water, and vegetation. 

Tarnigrades also use another amazing survival trick called cryptobiosis. Cryptobiosis is a state of inactivity triggered by a dry 

environment. The micro-animals squeeze all the water out of their bodies, retract their heads and limbs, roll up into a little ball, and 

become dormant. When conditions improve, they unfurl themselves and go about their business. Tarnigrades were first described 

in 1773 by German pastor J.A.E. Goeze, who called them kleiner Wasserbär, or ñlittle water bear." (National Geographic). 

Bacteria are crucial to living, healthy soil and a balanced ecosystem. Most bacteria are decomposers, converting the energy stored 

in organic matter into nutrients that feed and enrich other organisms deep in the soil. Others are nitrogen-fixing bacteria, 

converting nitrogen into a useful form for plants, helping them to grow and thrive and playing an important role in the nitrogen 

cycle.   

Springtails (eat fungi, bacteria, algae and decaying organic matter, recycling the nutrients back into the soil. They benefit most 

plants by spreading beneficial fungi onto plant roots, helping them thrive). Protozoa are aquatic single-celled animals that live in 

the water-filled pores, and the film of water that surrounds soil particles. Living in the top fifteen centimeters of soil, they consume 

bacteria, releasing excess nitrogen in a form available to the plant roots that surround them.  

Soil fungi, hidden underground, can spread for kilometres, creating a huge network that's vital for soils, and helps plants and trees to 

communicate - itôs sometimes known as the ówood wide webô.  

Most fungi live as an underground network of branching, fusing cells called mycelium. If teased apart and laid it end to end, the 

mycelium found in a teaspoon of healthy soil could stretch anywhere from 100 metres to 10 km.  

Fungi are ódecomposersô. They get their nutrition by breaking down decaying organic matter like dead plants, 

trees and animals. This process releases nutrients into the soil, which then become available for plants and trees to absorb. In doing 

so, they enable the ócircle of life,ô cycling nutrients throughout our ecosystem.  Fungi have been shown to be amazing cleaners of 

soils, filtering out everything from heavy metals to pesticides, and even radioactive waste.  

Fungi also capture carbon. There is more carbon in soils than there is in all the worldôs plants, forests and the atmosphere combined. 

The role fungi play in the ecosystem is invaluable (Soil Association).  

Soil microbes are not just carbon processors, 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). Soil microorganisms have been sequestering 

carbon for hundreds of millions of years through the mycorrizal filaments, which are coated in a sticky protein called "glomalin." 

As much as 30 to 40 percent of the glomalin molecule is carbon. Glomalin may account for as much as one-third of the world's soil 

https://www.scientificamerican.com/author/elizabeth-svoboda/
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carbon -- and the soil contains more carbon than all plants and the atmosphere combined (Mike Amaranthus and Bruce Allen, 

2013).  

Thereôs more carbon in our soils than there is in all the worldôs plants, forests and the atmosphere combined. Studies show that 

healthy soils on organic farms are able to store (ósequesterô) up to 25% more carbon in the long term (Frederick Kirschenmann, 

2021).  

Soil biodiversity supports human health, both directly and indirectly. Several soil bacteria and fungi are traditionally used in the 

production of soy sauce, cheese, wine, and other fermented food and beverages. Soil microorganisms can also help prevent chronic 

inflammatory diseases, including allergy, asthma, autoimmune diseases, inflammatory bowel disease, and depression. Since the 

early 1900s, many drugs and vaccines have been derived from soil organisms, from well-known antibiotics such as penicillin to 

bleomycin used to treat cancer and amphotericin for fungal infections. In a context of increasing diseases caused by resistant 

microorganisms, soil biodiversity has enormous potential to provide new drugs to combat them (New FAO report ). The single 

greatest leverage point for a sustainable and healthy future for the seven billion people on the planet is thus arguably immediately 

underfoot: the living soil, where food is grown. Overall soil ecology still holds many mysteries. What Leonardo Da Vinci said five 

hundred years ago is probably still true today: "We know more about the movement of celestial bodies than about the soil 

underfoot."  

Much is heard about many endangered animals in the Amazon and now all around the world. So also about the chainsaw-wielding 

workers cutting trees in the rainforest. However, relatively little is heard about the destruction of the habitat of kingdoms of life 

beyond plant and animal -- that of bacteria and fungi. Some microbiologists are warning that man must stop the destruction of the 

human microbiome, and that important species of microorganisms may have already gone extinct, some which might possibly play 

a key role in human health. 

The Earth Microbiome Project is dedicated to analyzing and mapping microbial communities in soils and waters across the globe 

(Mike Amaranthus and Bruce Allen, 2013). 

 2. Forest Archeology 

Forest archeology may help to trace human history in the forests. As stated by Skibo (2020), one might never know that human 

history here goes back thousands of years, but forests can help tell the story through archeology. Cultural sites discovered through 

archeological activities can become places of research, and cultural protection.  

The job of Forest Archaeologists, according to Skibo (2020), is to make sure that forest operation activities avoid disturbing or 

destroying cultural resources.  

In Honduras, a lost city was discovered in the Honduran rain forest (Preston, 2015). 

Forest archeology is a vital field of study in forestry, at least to expand the scope of forest resources management and protection. 

3. Treasure hunting 

Treasure hunting is an activity that can enhance forest management. There are specialized instruments that detect underground 

water bodies even up and more than 200 meters deep, in addition to mineral deposits such as gold, diamond, and many others. 

Forest plant and animal species as bio indicators of the water bodies and mineral deposits can then be mapped out. Underground 

caves, burial grounds, buried treasures are discovered in underground treasure hunting. Treasure hunting and forest archeology can 

be of help in discovering the history of a forest and human occupation even for the past thousands of years. 

4. Entomotherapy Entomophagy, Insect Farming, and other Arthropods  

a. Entomotherapy,  

Insects have a long and rich history in traditional medicine across the globe (Shriram H Bairagi, 2019).  The use of insects as 

medicine and is an important alternative to modern therapy in many parts of the world including India, Mexico, Korea, China, 

Spain, Brazil, Argentina, Ecuador and various African countries (Lauren Seabrooks and Longqin Hu, 2017).  

Weaver ants (Oecophylla smaragdina) have been used in the treatment of severe cough, cold and flu in Myanmar, Africa, Australia 

and India. In Thai culture, they are used for detoxification of blood, arresting hemorrhage during miscarriages, restoration of uterus 

and removal of any aftermath from the uterine canal after childbirth, stimulating pulse and heartbeat, and dizziness (Lauren 

Seabrooks and Longqin Hu, 2017).  

The medicinal uses of insects and other arthropods plays an important role to treat various maladies and injuries and has a long 

tradition can be effective and provide results. Insect as a natural product having potential source as a medicine that is useful in 

curing as well as giving protection from some major diseases such as bacterial infections, HIV and cancer (Shriram H Bairagi, 

2019).  

Insects constitute an almost inexhaustible resource for pharmacological research due to the defensive chemicals they have 

developed over millennia of co-evolution with plants and predators (Eraldo Medeiros Costa-Neto, 2005). If given the proper 

attention, insect-derived substances hold great promise for the future of natural product drug discovery (Shriram H Bairagi, 2019). 

Smt. Maneka Sanjay Gandhi (2019) gave the following summary of some lesser-known insects, which are used in human medicine: 

i. The University of Miami is researching the use of the venom of the South American Devil Tree Ant in rheumatoid arthritis.  

Many native healers use ants. Black Mountain Ant extracts dilate blood vessels that supply the penis. The venom of the Red 

Harvester Ant was used to cure rheumatism, arthritis and poliomyelitis. The South American tree ant, Pseudomyrmex sp., 

commonly called as the Samsum Antôs venom can reduce inflammation, inhibit tumour growth and treat liver ailments. 

https://qz.com/author/frederick-kirschenmann/
https://www.sciencedirect.com/science/article/pii/S2211383517300977#!
https://www.sciencedirect.com/science/article/pii/S2211383517300977#!
https://www.sciencedirect.com/science/article/pii/S2211383517300977#!
https://www.sciencedirect.com/science/article/pii/S2211383517300977#!
https://www.sciencedirect.com/science/article/pii/S2211383517300977#!
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Even 3,000 years ago the mandibles of soldier ants were used as stitches. The ant was agitated, and when it opened its jaws , it was 

placed around the wound to be stitched and the mouth allowed to close. The antôs body was then pinched away, leaving the head 

holding the wound together. 

 

ii. Several African cultures use poultices made from ground grasshoppers as pain relievers for migraines. Neurologists hypothesize 

that grasshopper toxins stimulate the human central nervous system, and dilate blood vessels, increasing circulation. Powdered, 

sun-dried, grasshopper is turned into a tea for the treatment of asthma and hepatitis. 

iii. Across Southeast Asia, healers have capitalized on blister beetlesô healing powers since ancient times. Also known as ñSpanish 

Fly,ò the beetles represent humankindôs first remedy for erectile dysfunction. Blister beetle secretions reduce burning pain 

sensations commonly associated with urinary tract infections, insect bites, kidney problems, and burns. 

Blister beetles secrete cantharidin, which is effective in treating severe viral infections, because it prevents viral cell reproduction, 

and may be useful in treatment of cancerous tumours resistant to radiation and chemotherapy.  

iv. Emerging science suggests that silkworm extracts may have benefits, as dietary supplements, for patients with heart disease and 

circulatory disorders. Preliminary studies indicate they reduce serum cholesterol, and dissolve vascular plaque. Boiled silkworm 

pupae  have been used by Chinese medicine to treat apoplexy, bronchitis, convulsions and frequent urination. A bacteria that lives 

in the digestive system of silkworms contains a substance known as serrapeptase. This substance appears to offer pain relief for 

people with back injuries. There are studies underway to see if they can also help with sports injuries. 

v. Traditional Asian practitioners use centipedes to treat tetanus, seizures, and convulsions. Centipedes are dried, ground into a 

paste, and applied topically to sores and carbuncles.   

vi. Ayurveda uses termites, and their mounds, for ulcers, rheumatic diseases, anaemia, and pain. In Africa Termites are used in 

asthma, bronchitis, inþuenza, whooping cough. 

vii. Spider silk is an ideal material to use in skin grafts, or ligament implants, because it is one of the strongest known natural fibres, 

and triggers little immune response. Spider silk may also be used to make fine sutures for stitching nerves, or eyes, to heal with 

little scarring. 

viii. The Jatropha Leaf Miner, a moth who feeds on the Jatropha plant, is an example of an insect considered a pest who has 

medicinal value. The larvae of the insect are harvested, boiled, and mashed into a paste which is administered topically and is said 

to induce lactation, reduce fever, and soothe gastrointestinal tracts. 

Jatropha Leaf Miner, Stomphastis thraustica (Meyrick, 1908) is a moth of the family Gracillariidae. It is known in Democratic 

Republic of Congo, Congo, Central African Republic, Ghana, and Nigeria. In addition, from Namibia, Zimbabwe, South Africa, 

Madagascar, Indonesia, India, and recently recorded in China. 

ix. In southwestern Nigeria, an infected foot is treated by smearing and rubbing mashed mole crickets on it. 

Gryllotalpa africana (Palisot de Beauvois, 1805), also known as the African mole cricket. 

x. Locusts are eaten in post childbirth anaemia, lung diseases, asthma and chronic cough. 

xi. The May Beetle is used as a remedy for anaemia and rheumatism. The Peanut Beetle for asthma, arthritis, tuberculosis and the 

Palm Beetle for earache. 

May beetle of the Order Coleoptera, Family Scarabaeidae and Genus Phyllophaga (Harris, 1827). 

xii. Cicadas are crushed and applied to treat migraine headaches and ear infection. 

The cicadas are a superfamily, Cicadoidea (Latreille, 1802), of insects in the order Hemiptera (true bugs). 

xiii. The Red Velvet Mite is eaten in urogenital disorders, and paralysis.  

Red velvet mites, true velvet mites, or rain bugs, are small arachnids (eight-legged arthropods) found in plant litter and are known 

for their bright red color.  They belong to the family Trombidiidae Leach, 1815. 

xiv. A mass of boiled Mealybugs was ingested to alleviate the affects of poisonous mushrooms and other fungi, or diarrhoea, and 

to clean the teeth and in the treatment of caries. 

xv. In the heads of cockroaches are chemical compounds that can kill Escherichia coli (E. Coli) and Methicillin-resistant 

Staphylococcus aureus (MRSA), two harmful bacteria that are resistant to most drugs. It was discovered that tissues, taken from 

the brains and nervous system of the insects, killed off over 90% of MRSA infections and E. coli. 

xvi. At the Institute for Biomedical Research, Barcelona, scientists have carried out successful in vitro tests, using wasp venom, to 

kill cancer cells. Wasp venom contains Polybia MPI (from venom of the wasp Polybiapaulista), which shows anti tumour 

activity and kills only cancer cells, leaving the healthy cells around it. 

xvii. Studies on caterpillar venom show that cecropins, which are a group of peptides isolated from the caterpillar blood of the 

Giant Silk Moth Hyalophoracecropia, have anti-microbial activity, and have been used as a potent anti-cancer agent against a 

variety of tumour cell lines. Cecropins are active against several mammalian lymphomas and leukaemia, and may offer novel 

strategies for the treatment of bladder cancer. 

xviii. In 1993, Margatoxin was synthesized from the venom of the Central American bark scorpion. Patented by Merck, it has the 

potential to prevent bypass graft failure. Scorpion venom extract has been shown to be able to detect and spotlight cancer cells, 

under a special light used during surgery. 

b. Entomophagy 

https://en.wikipedia.org/wiki/Arachnid
https://www.edibleinsects.com/entomophagy/
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Entomophagy, the scientific term for eating insects as a form of sustenance, is prevalent in over 3,000 ethnic groups across the 

world, which totals around 25 percent of the global population. Crickets, ants, beetle pupae and such have been regarded as 

nutritious, sustainable sources of protein before mankind discovered farming, and continue to be viable, if not more so, today 

(Beatrice Bowers. 2020.).  

 

The world population is grows by 80 million a year and is expected to reach 9 billion by 2050. This means that there will be 

2 billion more people in the world, which the current food production system may not be able to produce enough protein 

to feed.  Eating insects may offer the way out (Sens Foods, 2017). 

There is a growing global demand for healthy insect products as shown in Figure 3.  The factors responsible for the growing demand 

include the rising cost of animal meat. The current worldwide annual meat consumption of 280 million tonnes is to double by the 

year 2050 (Iwuoha, 2015a).  Meat production already takes up a lot of agricultural land and is responsible for a huge amount of 

greenhouse gas emissions. The world clearly needs other alternative sources of animal protein, because meat production takes up 

a lot of land and water resources, and is clearly not sustainable in the long run. As shown in Figure 3, the market value of edible 

insects worldwide grew from US$503 million in 2019 to a projected over US$1 billion in 2023.  

 
Figure 3: Market Value of Edible Insects Worldwide (in USD) 

Despite the over 1,500 different edible insect species in Africa, Africa is not exploiting the world market for edible insects as shown 

in Figure 4. All other regions of the world apart from Africa and the Middle East are taking advantage of the economic boom of 

insect trade. 

 

 

https://www.lifestyleasia.com/sg/food-drink/dining/plant-based-meats-unhealthy/
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Figure 4: The Global Edible Insect Market Forecast by Regions (in USD) 

 

 
Figure 5: Insects as Healthy Protein Alternatives 

 

Source: Broad nutritional scale of major insects. (Photo credit: precisionnutrition.com). Iwuoha (2015a)                                                                                                                                               

Figures 5 shows that insects are good sources of protein. 
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Figure 6. An infographic by Edible Insects (Photo credit: Edible Insects) (Beatrice Bowers. 2020).   

 

Crickets for example have more protein than beef and salmon fish (Figure 6). It has less fat than beef and salmon. Crickets are 

good sources of omega-3. Fiber, which is totally lacking in beef and salmon, is present in crickets. 

Crickets, for example, not only do they have a higher protein count than the same amount of ground beef per kilogram, but they 

also require fewer resources to farm, and therefore they less taxing on our environment to produce. In a period tormented by global 

warming, eco-consciousness is the norm, and entomophagy seems like the fairytale solution. 

 

c. Insect farming:  

AgriProtein, a South African young business, is breeding billions of flies on a farm to mate, lay eggs and produce maggots. 

AgriProteinôs facility in Cape Town (South Africa) is the worldôs largest fly farm and houses roughly 8.5 billion flies that produce 

more than 20,000 kilograms of maggots every day. AgriProtein wants to shake up the international animal feed business by 

producing a cheaper and more valuable product that will help farmers around to world to make extra profits by reducing some of 

their feed costs (Iwuoha, 2015b). 

A fly lays up to 400 eggs daily. The eggs, gathered from the cages, are hatched in a separate place. The maggots increase in size 

nearly 5,000 times in the span of just a few weeks. As they grow, they feed on the organic waste and convert it into protein. 

According to Iwuoha (2015b), the fast growth and efficient conversion of waste to protein is the biggest miracle in the entire 

process. The maggots recycle smelly organic waste, such as blood and animal manure, into odourless humus. The humus can be 

used as fertilizer to replenish farmlands. After feeding on and digesting waste for a couple of weeks, the maggots reach the optimum 

size for harvest after which they are separated from the residue. 

After harvesting, the maggots are washed, dried, and crushed for oil extraction. The oil is very rich in fatty acids. The solid residue 

is milled into a flaked product that is packaged and sold to animal feed mills. 

Bill Broadbent (2014) gave a graphical presentation of the protein content differences in protein and calorie, methane generation, 

feed, and water needs between crickets, chickens and cattle as presented in Figure 6 below. 
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                Figure 7: Eating Insects.   Source: Bill Broadbent (2014). 

Figure 7 shows that cricket farming can help cut greenhouse gases as crickets produce 80% less methane than cattle, need six times 

less feed than cattle, and need 0.045% as much water as cattle. 

 

http://www.bugsfordinner.com/author/bill
http://www.bugsfordinner.com/wp-content/uploads/eating-insects.png


Forestry-based solutions to the challenges of climate insecurity and health hazards............................................ Oluwalana,  

 

 

Proceedings of the 8th Biennial conference of the Forests & Forest Products Society, 

Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

124 

 

 
Figure 8. Cricket faming for the reduction of greenhouse gases. From Sens Foods (2017).  

 

Figure 8 shows that for every one kilogram mass gain, about 3000 g of carbon dioxide are produced in cattle, 1130 g in piggery, 

and only 2 g in crickets.  

Crickets, for example, not only do they have a higher protein count than the same amount of ground beef per kilogram, but they 

also require fewer resources to farm (Figure 7), and therefore they are less taxing on the environment to produce. In a period 

tormented by global warming, eco-consciousness is the norm, and entomophagy seems like a solution. 

Crickets as beer. A Tokyo-based startup known as Join Earth launched a cricket-based craft brew in February, 2020, made in 
ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ¢ƻƴƻ .ǊŜǿƛƴƎΦ Lǘ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎΣ ŦƛǊǎǘ ŦƻǊŀȅ ƛƴto drinkable bug juice. Grass-fed crickets are roasted and brewed 
with malt to create a dark ale that tastes like roasted caramel. 
Gin from ants: The Cambridge Distillery worked with Rene Redzepiôs Nordic Food Lab in 2014 to produce the Anty Gin (Figure 

9), which contains the distillate of red wood ants, as well as nettle and wild wood avens to accent the traditional gin botanicals used 

(Beatrice Bowers. 2020).  

https://asia.nikkei.com/Business/Food-Beverage/Cricket-flavored-brew-makes-beer-lovers-chirp
https://www.lifestyleasia.com/sg/food-drink/drinks/cambridge-distillery-offers-worlds-first-ever-gin-tailoring-service/
https://cambridgedistillery.co.uk/products/anty-gin
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Figure 9. Anty Gin. (Photo credit: The Cambridge Distillery) 

 

Anty Gin bagged the top prize at the World Beverage Innovation Awards in 2015. 

d. Other Arthropods 

i. Scorpions: 

Daniel A. Medina (2014) wrote that scorpions were in high demand for researchers from the US and EU for the venom they possess, 

and used as an ingredient to develop compounds for ant-cancer medicines. In China, they are eaten as a street-food snack  

The demand has created a lucrative industry in Pakistan. A black scorpion weighing 60 grams can bring in $50,000 or more. Daniel 

A. Medina (2014) quoting a report in 2007 in The Wall Street Journal, 3.785 liters (one gallon) of scorpion venom sold for about 

US$ 39 million. In addition, at Los Angeles International Airport, California, described by authorities as a hub of exotic animal 

trafficking, scorpion smugglers were detained. 

In some cultures of the world, scorpions are used as food as shown in Figure 10. 
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Figure 10: Scorpions prepared as a tasty delicacy in China 

ii. Crabs: 

Medicinal Bandage from crabs: 

 
Figure 11. Seafood shells, such as from crab claws (here), contain a valuable material called chitin. Researchers have turned chitin 

into a new type of medical dressing that can boost wound healing (Silke Schmidt, 2021). 

According to Silke Schmidt (2021), a new medical dressing helps skin wounds heal faster. Its innovative ingredient is the structural 

material in the skeletons, scales and shells of marine animals and insects. 

Called chitin (KY-tin), a polymer, is second only to plant cellulose as natureôs most abundant material. As a natural waste produced 

by seafood-processors, chitin costs little. 

 

5. Fish Collagen:  

There are benefits associated with all animal collagen sources, but fish collagen peptides have the best absorption and 

bioavailability due to their smaller particle sizes compared to other animal collagens, making them antioxidant powerhouses. Fish 

collagen is absorbed up to 1.5 times more efficiently into the body and has superior bioavailability over bovine or porcine collagens. 

Because its high bioavailability, fish collagen is absorbed more efficiently and enters the bloodstream more quickly, it is a best 

collagen source for medicinal purposes (Axe, 2021). 

https://www.sciencenewsforstudents.org/article/scientists-say-polymer
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The scales, skin, bones and fins of fresh or saltwater fish are used for making fish collagen supplements. The scales, skin, bones 

and fins are usually considered waste products during fish processing, using them to create other products helps reduce 

environmental pollution.  

 

According to Axe (2021), the health benefits of fish collagen include:  

 i. Anti-aging   ii. Bone healing and regeneration   iii. Wound healing 

iv. Good protein source. Fish collagen is over 97 percent protein with no fat, sugars or carbohydrates, making it one of the absolute 

best protein foods. It also has a very distinctive amino acid profile. v. Antibacterial abilities 

6. Nixtamalization: Enhancing the nutritional quality and economic value of maize: 

About 1,500 B.C., cooks in coastal Guatemala figured out that cooking dried corn in alkali water removed thekernelsô skins and 

produced a softer dough than unprocessed ground corn. 

This process, called nixtamalization, increases the bioavailability of both protein and niacin, and radically reduces the toxins often 

found in moldy corn. The resulting dough, called masa, is the basis for corn tortillas, chips, tamales and other specialty corn foods. 

Whole corn that has 

been nixtamalized is called hominy or posole, while the ground form is called masa (The Mother Earth News Editors).  

7. Gold and other minerals from an unusual Source ï Human Feces 

The headings for written articles on human feces are revealing.  Stinking Rich? Human Waste Contains Gold, Research Finds  

(Charles D. Winters. 2015), Your poop could be a literal goldmine of precious metals (Rachael Feltman, 2015), You can earn 

$13,000 a year selling your poop (Rachael Feltman, 2015), Scientists claim gold in human excrement is worth millions (Celicia 

Jamasmie, 2015), and, Mining for Metals in the Waste We Create (John R. Wilsdon, 2022). Others are, Americans poop up to 

$4.2B in precious metals every year (Yaron Steinbuch, 2015), Sewage sludge could contain millions of dollarsô worth of gold 

(Warren Cornwall, 2015), Turning manure into gold: The excrement economy (Melissa Pandika, 2015), and, 10 Exceptional Ways 

to Put Human Waste to Use in an Environmentally-Friendly Way (Conserve-Energy-Future).  

All the nine pointed to the latest in human resources, gold and other minerals from human feces. Beyond the minerals, Conserve-

Energy-Future listed possible uses of human feces.  

According to Charles D. Winter (2015), researchers have detected trace amounts of gold, silver and other precious metals in human 

waste and are exploring how to make their extraction commercially feasible ð a move that may stymie the dispersal of metals in 

the environment and lessen our dependence on mining. Rachael Feltman (2015a) wrote that a recent study estimated that a city of 

1 million people in the USA might produce US$13 million worth of biosolid metals a year.  

When biosolids are separated from effluent and dried, they become sludge. In some countries, the sewer sludge is gathered and 

sifted to extract precious metals. This can be especially profitable in third world nations. In Japan, the sludge, or what remains after 

the sewage is treated, is collected. In Suwa in Nagano Prefecture, a treatment plant near a large number of precision equipment 

manufacturers reportedly collected nearly 2 kilograms of gold in every metric ton of ash left from burning sludge, making it more 

gold-rich than the ore in many mines. The Japanese prefecture (similar to a U.S. county) has been mining its sewage treatment 

plant for the last 10 years. In 2008, it recovered $168,000 worth of gold. The recovery value is based on fluctuating gold prices 

(John R. Wilsdon, 2022). 

 

Of particular interest is the report by Rachael Feltman (2015b). She wrote ñéYes, your feces are perhaps your greatest untapped 

monetary resource. Thanks to a nonprofit organization called OpenBiome, you can cash in to the tune of $13,000 a year -- and save 

lives while you're at it. 

Since 2013, OpenBiome has been processing and shipping loads of it all over the country. The frozen stool is administered to 

patients who are very sick with infections of a bacterium called C. difficile. The bacterium can cause extreme gastrointestinal 

distress, leaving some sufferers housebound. Antibiotics often help, but sometimes the bacterium rears back as soon as treatment 

stops. That leads to a miserable, continuous course of antibiotics. By introducing healthy fecal matter into the gut of a patient (by 

way of endoscopy, nasal tubes, or swallowed capsules) doctors can abolish C. difficile for good. 

éFinding a donor is tough business, and some patients grow so desperate that they treat themselves with fecal matter from friends 

and family. That's what happened to a friend of OpenBiome's founders, inspiring them to open up the first nationwide bank. So far 

they've shipped about 2,000 treatments to 185 hospitals around the country.ò 

Melissa Pandika, (2015) also reported on the same fecal transplant. 

Of particular interest is the submission by Conserve-Energy-Future tagged ñ10 Exceptional Ways to Put Human Waste to Use in 

an Environmentally-Friendly Way.ò 

i. Production of biogas ii. Fertilizer iii. Fecal Transplant  

iv. Hydrogen Fuel. Hydrogen fuel can be obtained from human waste through the same process as one of passing a current through 

water. It proves to be more efficient with less energy required in the process. Water is distilled from human waste solids then the 

waste is left in air-sealed tanks for microbial action to take place. This results in the formation of methane and carbon dioxide. 

Methane formed in this process is cheaper as compared to relying on natural gas. Methane and carbon go through a tri-generation 

process that produces hydrogen fuel, heat, and electricity. With the abundance of human waste, a consistent supply of hydrogen 

http://www.washingtonpost.com/news/speaking-of-science/wp/2014/10/11/good-news-you-can-take-your-fecal-transplants-orally/?itid=lk_inline_manual_5
http://www.washingtonpost.com/news/speaking-of-science/wp/2014/10/11/good-news-you-can-take-your-fecal-transplants-orally/?itid=lk_inline_manual_7
https://www.conserve-energy-future.com/sources-effects-methods-of-solid-waste-management.php
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fuel can be achieved. Hydrogen fuel can be utilized in the running of rockets and the production of electricity by combining 

hydrogen and oxygen atoms. 

v. Brick-making. Who knew that human waste could be used in the making of bricks? Incinerated sewage sludge ash is combined 

with vegetable oil in the making of bricks. These bricks are carbon-negative as the oil used is derived from plants, which have 

sucked carbon dioxide from the atmosphere. 

In addition, in the utilization of such bricks in construction, the environment is protected considering that traditional bricks are 

made using processes that emit carbon dioxide. Human waste that traditionally would be sent to a landfill is utilized to build 

structures of many kinds without a scent and it is pocket-friendly. 

The bricks are lighter and stronger which means wide usage of such bricks would revolutionize the construction industry not 

mentioning improvements could be made to them to make them better over time. Making these bricks could serve as a source of 

revenue for many. 

vi. Fuel. In developing countries, the majority of households cook using biomass. Charcoal and fuelwood being the major sources 

of energy lead to the degradation of forests. A great solution is the use of human poop heated in the sun as fuel. This alternative 

fuel burns for two times longer compared to charcoal and releases lesser carbon monoxide. 

Packaged as briquettes, one ton of these briquettes saves around 88 trees and proves to be a cheaper source of energy. 

The process of making this fuel begins with the treatment of fecal waste by heating it in a waiting container so as to remove any 

harmful pathogens. The fecal waste is heated by the Sun to temperatures of around 60o C for three hours. 

Further improvements in technology would help mean that the lowest possible temperature and time can be used to sanitize waste. 

Upon cooling, hard and solid briquettes are formed as a result of the high fiber content present in feces. 

vii. Source of Metals 

viii. Janicki Omni Processor. The Janicki Omni Processor combines solid fuel combustion, steam power generation, and water 

treatment in the recycling of human waste to produce energy and clean drinking water. Therefore, the process can be used to sustain 

millions in the world who lack access to clean water. The process begins with human waste fed into a dryer to remove moisture 

thereby reducing it to dry fly ash. 

The heat generated in this process is used to heat water in boiler pipes to form steam, which runs a generator to produce electricity. 

This electricity is enough to power the whole processor and surplus can be sold. 

The steam that leaves the dryer goes through a series of filters before condensation and distillation to produce clean water. The 

Omni Processor doesnôt let out the foul smell and meets current emission standards. 

ix. Cosmic Radiation Shield. Life in Mars is expected to pose a great risk to the health of those who will visit it since there is 

exposure to radiation from cosmic rays. The extent of the effects posed to human beings on exposure to galactic cosmic rays is not 

clearly known but it is known to increase the risk of cancer. 

To protect humans, human waste together with water and food can be put in bags. These are used as a shield against radiation by 

lining the bags on the space shuttle used in interplanetary travels. Initially from the earth, the bags will be filled with drinking 

water. On reaching Mars, when the water is depleted, they will be replaced by bags with human waste. 

x. Source of water. Due to the potential of producing water that is not potable from human waste, electrolysis of this water can be 

used to produce oxygen and hydrogen. This method of producing oxygen is used as a backup oxygen system for astronauts on long 

missions. Arguably, this method of extracting non-drinkable water can be utilized further to come up with water that is safe to drink 

by treating it. 

Human waste in the production of renewable energy is a milestone. Through recycling of poop that would have ended up in a 

landfill and polluted the environment, benefits such as biogas, fertilizer, fecal transplant, hydrogen fuel, building bricks, metals, 

and drinking water can be obtained. 

By all the uses, human waste proves to be cheap and an environmentally friendly alternative. Human waste has great potential to 

change the world. 

8. Indigenous Knowledge: 

I. Plants and animals in warfare:  

 

a. Goat droppings and salt, combined and used as bullets.  

In China, goat droppings are used as a drink as shown below. 

 

https://www.conserve-energy-future.com/become-environmentally-friendly-construction-industry.php
https://www.conserve-energy-future.com/phenomenal-ways-to-stop-deforestation-and-protect-our-planet.php
https://www.rockflower.org/bio-briquette-project
https://en.reset.org/blog/omni-processor-turning-sewage-drinking-water-senegal-and-beyond-01112020
https://www.nasa.gov/feature/goddard/2019/how-nasa-protects-astronauts-from-space-radiation-at-moon-mars-solar-cosmic-rays
https://www.conserve-energy-future.com/causes-effects-solutions-food-waste.php
https://en.wikipedia.org/wiki/Electrolysis_of_water
https://www.conserve-energy-future.com/renewable-energy-facts.php
https://www.conserve-energy-future.com/worst-environmental-disasters-caused-by-humans.php
https://www.conserve-energy-future.com/35-easy-ways-to-eat-environmentally-friendly.php
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TRENDING!! Goat Feces Now In High Demand In China Because Of Itôs Richness In Protein Itôs served in most cases with a 

combination of fruit juice, soya milk and other such extracts. ï newsdesk, December 4, 2021 

b. ñCrab eyeòseeds (Abrus precatorius subsp. africanus) used as bullets. The seeds are very toxic if ingested. In Queensland, 

Australia, the toxicity category is 1 (One). 

   

 
Childrenôs Health Queensland - Crabôs eye (Abrus precatorius subsp. africanus) 

Toxicity Category: 1 

 

 
 
Warning: Seek urgent medical attention for any ingestion. 
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c. Army ants and Maize grain  

Army ants (known as soldier ants in Nigeria) and a grain of maize seed are used in warfare especially in dislocating enemies out 

of a location.  

 

Army Ants ï Pinterest 

d. Sida acuta: The dry leaves on the stems are harvested, wrapped, smoked or sniffed as tobacco against accidents, and gunshot 

attacks. 

f. Black ant -ñikanduò in Yoruba, and palm kernel oil, used to secure property from being stolen by people from outside the home 

but not from thieves from within. 

g. Black ant -ñikanduò in Yoruba, and bitter kola are used in war fronts against being hit by bullets. 

II. Fire outbreak prevention:  

a. Securidaca longipedunculata Fresen. (Igi ČpԌta in Yoruba): To use this plant, the centre of a house wooden roof is located, and 

a piece of Securidaca wood is nailed to the located position of the roof; this serves as a thunder catcher and lightning arrestor. 
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Securidaca longipedunculata Fresen.- Alchetron 

III. Storm prevention:  

a. Onion peels and the peels of native banana (ñogede ominniò in Yoruba), dig a hole in the ground, put the onion peels first and 

on top, put the banana peels, cover with soil. There will be no storm in such a place. 

b. Stubborn grass (Eleusine indica): The grass is uprooted and is placed on a forked tree stem with a piece of stone or rock placed 

on it to prevent storm on a farm.  

IV. Anti -army ants (soldier ants) preparation: White bowl, white quartz stone and water: To effect the moving out of army ants 

from properties they have invaded, put water and a piece of white quartz stone in a white bowl. The bowl(s) are placed at the 

entrance(s) of the property, the army ants will move out of the property. 

V. Infertility:  

a. Waltheria indica (Padimo in Yoruba): Uproot whole plant, cut into roots, leaves and stems. In a pot, first put the roots, then the 

leaves, and the aerial parts. Next put ashes wrapped in banana leaves on top of the aerial parts. Add water, boil, and drink for 

infertility. 
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Waltheria indica ï Photoimages.siu.edu 

VI. Low or No sperm count: 

Fresh maize grains (Zea mays Linn.), Monkey cola (Cola millenii/Cola laurifolia (ob³ Ԍdun in Yoruba), table salt; grind all together, 

dry, and take with maize pap every night. 

VII. Diseases: 

a. Asthma: Thaumatococcus danielli (Benn.) Benth. and, Megaphrynium macrostachyum (K.Schum.) Milne-Redh:  

The roots of Thaumatococcus danielli (Ewéran in Yoruba), and Megaphrynium macrostachyum (Gbòdògì in Yoruba) are dried, 

pyrolysed, powdered; the powder is mixed with honey and licked for asthma.  

b. Bile duct obstruction/Oliguria: Hoslunda opposita Vahl: Boil the dried ground leaves in water, cool and strain. Drink three times 

daily for bile obstruction and oliguria. 
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African Plants - A Photo Guide ï Hoslunda opposita Vahl 

c. Hypertension: For, hypertension, pyrolyse the whole fruit of Blighia sapida, orally take the powder with warm water daily.

 

Fruits fro A-Z ï WordPress.com Ackee/akee apple/Blighia sapida 

9. Plants used in the management of brain disorders: 

i. Achyranthes aspera  Prickly chaff flower  When inhaled the powder of the seeds, it gives relief from stiffness and headache of 

migraine. 

ii.  Albizzia lebbek (i) Its seeds and black pepper powder when applied near eyes, cures unconsciousness. (ii) Its seed powder is one 

of the constituents for treating psychosis, insanity, anxiety, hysteria. 

iii. Allium cepa Onion Tea from its seeds is beneficial in sleeplessness. 
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iv. Brassica nigra Black mustard  (i) Its seeds and pigeonôs droppings after grinding, are applied on forehead. It helps relieve 

migraine. (ii) Its fresh oil when massaged, reduces fatigue and laziness. 

v. Citrus aurantifolia Lemon (i) Seeds and juice are beneficial in insanity related disorder. (ii) Lemon juice is given to the patient 

of anxiety to regularize the heart beat.  

vi. Cynodon dactylon Dobb grass, Carpet grass Extract of whole plant helps cure madness and epilepsy. 

vii.  Daucus carota Carrot  Leaves are extracted with warm ñgheeò and drops given in nose and ears to cure migraine through 

sneezing. 

viii.  Eclipta alba After mixing black pepper powder in its juice, it is applied on forehead for relief in migraine.  

ix. Lawsonia inermis Henna  Seeds in honey or decoction of flowers are given to cure giddiness. 

x. Moringa oleifera Moringa  (i) After grinding the bark, the liquid is squeezed and put into the nostrils or given orally as drink to 

cure meningitis. (ii) Decoction of its roots is given for epilepsy and hysteria in women. 

xi. Mucuna pruriens Velvet bean In Ayurveda, it has been described for use in several illnesses and overall body strength. 

Scientifically it has also been found to be effective in Parkinsonôs disease. 

 

xii.  Psidium guajava Guava (i) Decoction of leaves is given to cure mental and physical deformities. (ii) Tincture of leaves is 

massaged on the backbone of children for convulsions. 

 

xiii.  Punica granatum Pomegranate (i) Leaves after boiling with water and concentrating, the extract is given in warm milk to cure 

fatigue, tiredness and insomnia. (ii) Leaves and rose flowers are cooked in water and concentrated. It is given in ghee to cure 

madness. 

 

xiv. Sesbania grandiflora Sesbane (i) Sesbane leaves and black pepper are ground in cow urine and made to inhale. It brings 

immediate relief from epilepsy. (ii) Few drops of leaf or flower extract are put in the opposite nostril of migraine pain giving 

immediate relief. 

 

xv. Sida cordifolia Country mallow (i) Its powder after cooking in milk, is given to the patient or massaged, giving relief in facial 

paralysis. (ii) To control the excessive anxiety, the plant and ñapamargò (Achyranthes aspera) are boiled in milk until concentration 

and given.  

xvi. Syzygium aromaticum  Cloves are ground in water and the paste is applied on the earlobes to cure migraine. Except genetically 

rooted brain disorders, the Ayurvedic plants have potential to cure most of the mental diseases (Balkrishna, and Misra, 2017). 

10. Plant oils: Health Benefits of Navel Oiling: 

Navel oiling or navel therapy is an age-old practice of massaging the belly button with essential oils to achieve astounding health 

benefits, thereby helping to treat various ailments in the body. Once a gateway to the life-sustaining umbilical cord, the belly button 

serves as a centre of balance in adulthood, where a lot of energy is stored (Nikita Bhardwaj, 2021). Scientific studies recommend 

a delay of cord clamping to one to three minutes post birth, citing benefits to the infants. Interestingly, after a personôs death, the 

belly button stays warm up to three hours. Being rich in stem cells, several studies also support the storing of the umbilical cord 

blood. These cells can morph into other cells and can help deal with ailments (Resha Patel). 

The belly button is more than just a little dot on the navel (News18). The belly button is connected to every organ of the body 

through multiple veins, so massaging oil can help to nourish the nerve endings and help the body stay healthy (Nikita Bhardwaj, 

2021).  

According to Resha Patel, the belly button is not so little. Resha Patel lists the following about belly button: 

i. The belly button has the thinnest layer of muscle between the inner vagus nerve and the skin compared to other areas. By 

activating it, one directly stimulates the vagus nerve, affecting the brain. 

ii. There are 72,000 veins in the navel, making the belly button a focal point. All these nerves get stimulated when the belly button 

is cared for and nourished.  

iii. In Ayurveda, nabhi (navel or umbilical cord) is considered as an anatomical landmark to identify the position of various organs. 

iv. The displacement of the umbilicus or nabhi chyuti leads to various diseases. Many conditions get cured just by correcting this. 

v. The nabhi is óagni sthanaô or óseat of agni.ô This is where samana vayu (the prana or life force energy that supports digestion, 

formation, and elimination of urine) and pachaka pitta (digestive fire) resides. Massaging or stimulating the nabhi will aid these 

functions.  

vi. A scientific study of 60 participants found 2,368 different types of germs nestling in the belly button. Similar to every human 

beingôs fingerprints being unique, the belly button bacteria are also one-of-a-kind, many of which are a sign of good health.  



Forestry-based solutions to the challenges of climate insecurity and health hazards............................................ Oluwalana,  

 

 

Proceedings of the 8th Biennial conference of the Forests & Forest Products Society, 

Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

135 

 

vii. The center of the belly button is at the center of the solar plexus. This region assumes unique physical and spiritual significance. 

The solar plexus is also called the Manipura chakra, which when balanced, promotes clarity of mind, confidence, strength, and 

compassion. Physiologically, the solar plexus is connected to the central nervous system, optic nerves, and stomach.  

Oiling the belly button is an Ayurvedic practice. In Ayurveda, belly button oiling is known as Nabhi Chikitsa. Nabhi means the 

belly button in Sanskrit. Ayurvedic experts practised this method to get optimum relief from various ailments. They believe the 

belly button is a secret spot on the body that can effectively cure daily health problems. The belly button is the source of energy 

connected to other parts of the body; to the mouth, the skin and even to health concerns like menstrual cramps. Once inserted into 

the belly button, oil is easily absorbed and effortlessly distributed throughout the body, and studies have shown systemic 

bioavailability of medications via navel administration (Healthy Huemans, 2021).  

As an ancient practice, Navel therapy is about filling the belly button (on an empty stomach) with lukewarm oil for detoxifying, 

nurturing, and treating ailments in the body. Since the belly button presents an abundance of blood vessels and pathways to the 

bodyôs extremities, the absorption of oils through the navel pathways is very strong. Hence, it has unbelievable health and beauty 

benefits. However, remember to keep the belly button clean all the time, as it is a very sensitive organ of the body and has tendency 

for the buildup of bacteria and fungi (Dallas Yoga Fest, 2019). 

óThe Gutô (Intestines), situated right behind the belly button is home to millions of neurons ï all of which are connected to the 

brain. Hence the connection between ógut feelingsô and many emotions. The intestines hold 60% blood of in the body, produce 90 

per cent of serotonin and 50 per cent of dopamine. Serotonin and Dopamine are known as the óhappyô hormones due to the roles 

they play in regulating mood and emotion (Dallas Yoga Fest, 2019).  

From dryness of the eyes, poor vision, chapped lips, weight loss, fertility, infections, glowing youthful skin, healthy hair, joint pain, 

and more, oiling the belly button can provide a ton of health benefits (Healthy Huemans, 2021). 

 

Just by tending to this little one, you could (Resha Patel): 

¶ feel instantly calmer 

¶ switch on the glow lights in your skin  

¶ coax your hair to grow longer and thicker 

¶ improve your moods (clue: feel happier) 

¶ stimulate your brain to function better  

¶ increase your digestive ability  

¶ be kinder to your knees 

According to (Dallas Yoga Fest, 2019), try Navel Therapy if you are looking toé. 

¶ Improve mood, energy  cure depression 

¶ Relieve chronic pain 

¶ Want to sleep better 

¶ Achieve hormonal balance 

¶ Increase blood circulation 

¶ Want to cool off the head and heat up the belly 

¶ Improve gut health and enhance your digestive function 

¶ Promotes inner peace and empathy 



Forestry-based solutions to the challenges of climate insecurity and health hazards............................................ Oluwalana,  

 

 

Proceedings of the 8th Biennial conference of the Forests & Forest Products Society, 

Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

136 

 

¶ Sharpens eyesight 
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Navel Therapy (Nabhi Chikitsa) (Dallas Yoga Fest, 2019). 

i. Enhances digestive ability 

Massaging the belly button with a few drops of mustard oil can help to relieve irritable bowel syndrome, aid gut health, and reduce 

other digestive issues like an upset stomach, bloating, or constipation. 

Daily application of mustard oil around the edges of your belly in circular motion helps to release gastric and bile juice from the 

spleen in the liver, which improves digestion. To get relief from nausea and gut pain, apply peppermint or ginger oil on the belly 

button (Nikita Bhardwaj, 2021). 
ii. Stomach Pain 
Belly button oiling can alleviate stomach pain by releasing the pressure off the belly area. It can cure symptoms like indigestion, 

food poisoning, nausea, gastritis, bloating, and diarrhea. Recommended oil: Peppermint Essential oil diluted with Olive Oil 

(Healthy Huemans, (2021). 

iii. Calms the mind 

Rhythmically stimulating the belly button with circular motion can help to de-stress and relax. Lavender oil, popularly used in 

aromatherapy for de-stressing, can be used to massage the belly button for improved mental well-being (Nikita Bhardwaj, 2021). 

iv. Stimulates natural glow to the skin 

For a smooth, clear, and glowing complexion, massage the belly button with olive oil every day. Enriched with natural fatty acids 

and antioxidants, olive oil can help to reduce inflammation, prevent skin problems, cure skin infections and moisturize the skin 

from head to toe, including lips and heels (Nikita Bhardwaj, 2021). 

Applying almond oil on the naval ensures optimum absorption of the nutrients and subsequently, it helps in improving the texture 

of skin and imparting glow to skin. Recommended oil: Almond (Healthy Huemans, (2021). 

v. Clear Skin 
Applying oil on belly button helps treat acne quickly. Apply oil to the belly button is often considered more potent a remedy than 

topical application. Recommended oil: Neem (Healthy Huemans, (2021). 

vi. Stimulates hair growth 

Connected to 72,000 veins inside the body, the belly button helps the body to absorb minerals that are responsible for healthy hair 

growth and volume. Providing nourishment to the veins responsible for graying of hair can help to prevent premature graying, 

making the hair strong from the roots. 

Rich in vitamins, minerals, vitamin C, B, E, copper, and zinc, coconut oil is the best choice to prevent hair loss and improve hair 

quality. One can also use olive oil or jojoba oil on the belly button to prevent excessive dry scalp and hair (Nikita Bhardwaj, 2021). 

Belly button oiling can help speed up hair growth. Recommended oil: Castor (Healthy Huemans, (2021). 

vii. Improves reproductive health/Fertility 

Ayurvedic experts recommend massaging the belly button with essential oils can improve reproductive health in both males and 

females. Putting a few drops of neem oil, rosehip oil, coconut oil, or lemon essential oil to the belly every day can help to increase 

sperm count, relieve menstrual cramps, boost fertility, and prevent reproductive disorders (Nikita Bhardwaj, 2021). 

The belly button is connected to fertility. Adding oils to this spot can influence fertility, whether in a man or woman. The remedy 

works by promoting relaxation of the uterine and abdominal muscles, protecting the sperm inside the tube for fertilization, 

enhancing the sperm motility and count, and treating menstrual issues like irregular periods. Recommended oil: Coconut ((Healthy 

Huemans, 2021). 

viii. Relieves joint pain 

Inflammation in muscles or excessive wear and tear could result in joint pain. Using castor oil, rosemary oil, for navel therapy can 

help to reduce pain, strengthen joints, and improve flexibility. Navel therapy is a natural alternative for people in their early stages 

of arthritis or with weak bone density (Nikita Bhardwaj, 2021). 

ix. Improves dry eyes syndrome 

Pollution, too much reading, watching the screen, smoking, aging, or any other medical condition could result in dry eyes that 

might hinder vision and result in a burning sensation in the eyes. Massaging the belly button with coconut can help to nourish the 

dry veins, which in turn improves blood circulation and improves eye health (Nikita Bhardwaj, 2021). 

x. Anti-Aging 
Belly button oiling benefits include reducing the signs of aging. Applying oil to belly button reduces the appearance of wrinkles 

and under eye circles. Recommended oil: Castor (Healthy Huemans). 

xi. Menstrual Cramps 
Belly button oiling benefits include relieving menstrual cramps and pain. By relaxing the abdominal muscles and soothing the 

discomfort caused by uterine contraction. The pain is relieved due to the antioxidant properties of oil. Recommended oil: Ginger 

Essential oil diluted with Olive Oil (Healthy Huemans, 2021). 

xii. Infection 
The belly button is a very sensitive organ of the body and connects to other parts of the body system. Belly button oiling can help 

cure bacteria and fungi. The best oils for this purpose is tea tree oil, coconut oil, and eucalyptus oil. These oils have antibacterial 

and antiviral properties that effectively kill the bacteria. Recommended oil: Coconut and Tea Tree (Healthy Huemnas, 2021). 

https://healthyhuemans.com/healthy-body/the-ultimate-guide-to-natural-pain-management/
https://www.amazon.com/gp/product/B07Q767RK5/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B07Q767RK5&ie=UTF8&linkCode=as2&linkId=59c8029934ace7ce3d88c1c26a24f408&tag=111818-20
https://www.amazon.com/gp/product/B0019LVFSU/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B0019LVFSU&ie=UTF8&linkCode=as2&linkId=b48b6561963d7b7404259d662ade28b0&tag=111818-20
https://healthyhuemans.com/healthy-beauty/9-proven-oils-to-help-clear-your-skin
https://www.amazon.com/gp/product/B07G4JHDYG/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B07G4JHDYG&ie=UTF8&linkCode=as2&linkId=ebd6d9c286a3ca6d0c6b9ba7111849ed&tag=111818-20
https://www.amazon.com/gp/product/B01NALN8Q9/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B01NALN8Q9&ie=UTF8&linkCode=as2&linkId=59b128c91986ff47205e347f2ab8e04e&tag=111818-20
https://www.amazon.com/gp/product/B01NALN8Q9/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B01NALN8Q9&ie=UTF8&linkCode=as2&linkId=59b128c91986ff47205e347f2ab8e04e&tag=111818-20
https://healthyhuemans.com/healthy-body/9-essential-oils-proven-to-relieve-menstrual-cramps
https://www.amazon.com/gp/product/B005XQWVI0/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B005XQWVI0&ie=UTF8&linkCode=as2&linkId=b3c08e67f00bdbdcc4e5bfe232ab44d6&tag=111818-20
https://www.amazon.com/gp/product/B005XQWVI0/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B005XQWVI0&ie=UTF8&linkCode=as2&linkId=b3c08e67f00bdbdcc4e5bfe232ab44d6&tag=111818-20
https://www.amazon.com/gp/product/B007OY0BM2/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B007OY0BM2&ie=UTF8&linkCode=as2&linkId=1a6b8293d5906448c6a6d398fb6f8c84&tag=111818-20
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xiii. Nail Health 
Belly button oiling can help with nail health by removing any fungus. Recommended oil: Castor (Healthy Huemans, 2021). 

xiv. Lightens lip shade 

Coconut oil applied to the belly button every night before bedtime lightens and protects lips from chapping. 

xv. Blood cleansing 

Belly button oiling helps in cleaning blood and getting rid of pollutants and blemishes in the body. Therapeutic oils such as neem 

oil, rosehip oil, coconut oil, and lemon essential oil can help (News18, 2021). 

xvi. Balanced Chakra 
According to Ayurveda, the Navel Chakra is a major source of energy and imagination. It is home to oneôs biggest dreams, fantasies, 

and goals. You should keep your navel balanced if you want to connect with your creativity.  

 

Recommended oil: Grapeseed (Healthy Hueman, 2021). 

xvii. Helps to remove dirt. Cleaning the belly button removes bacteria and filth that has accumulated and keeps the stomach and 

navel regions clear of any potential ailments. 

xviii. Good for eyes. Oiling the belly button with any suitable oil mixed with mustard oil will improve eye health in people suffering 

from poor vision. In addition, it is suitable to reduce the appearance of puffy eyes and dark circles in people who constantly strain 

their eyes on the screens. 

The procedure for belly button oiling takes only few minutes. Warm oil is poured over the belly button, and the belly button is 

massaged in a circular motion for 5-10 minutes. For the best outcome, this should be done every day before going to bed or after 

bath. In addition, oiling at night can make one feel more relaxed upon wake up in the morning (News18, 2021; Healthy Huemans, 

2021). The belly button should be regularly cleansed; and not too much pressure should be applied on the navel. 

Rub a few drops of oil inside and around the belly button every night. Regular practice of this will give stunning results, and with 

absolutely no side effects. There are certain oils that can be used for specific conditions (Resha Patel). 

 

Table 1: Oils and their specific uses in Belly Button Oiling 

 
Source: Adapted from Dallas Yoga Fest, 2019. Want To Know The Simple Secret Key To Daily Good Health?  

10. Charcoal Medicine: 

https://www.amazon.com/gp/product/B01NALN8Q9/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B01NALN8Q9&ie=UTF8&linkCode=as2&linkId=59b128c91986ff47205e347f2ab8e04e&tag=111818-20
https://www.amazon.com/gp/product/B000RZPVV6/ref=as_li_qf_asin_il_tl?creative=9325&creativeASIN=B000RZPVV6&ie=UTF8&linkCode=as2&linkId=6119038560c32370b6db7194022d51f7&tag=111818-20
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Charcoal is an incredible substance renowned in history for its healing powers and has been commonly used by man and beast alike 

for possibly thousands of years. Charcoal is a lifesaver and it is one of the most powerful antidotes known to man (Not the Norm 

Ltd, 2015). 

Animals knew the medicinal properties of charcoal before man and many species of wild beast are known to eat charcoal resulting 

from bonfires or lightning strikes (Engel, Cindy, 2003). Many scientific studies confirm these observations (Not the Norm Ltd, 

2015). 

Since ancient times, animals and humans have relied on charcoal to counteract the ill-effects of harmful materials that have been 

ingested, intentionally or otherwise. This is especially valid for wild animals and ancient peoples who had to depend upon limited 

food resources. The diet of charcoal-eating animals includes a variety of plants that contain a high amount of phenolic and other 

harmful compounds that interfere with their digestion. Studies have confirmed that ingested charcoal render these toxins harmless 

once inside their guts (Not the Norm Ltd, 2015). 

It is natural, safe, non-toxic and relieves several ailments including drug overdose (Engel, Cindy, 2003), poisoning, stomach 

disorders (Lucas, G. H. W., and V. E. Henderson, 1933) and high blood cholesterol (Neuvonen, P. J., et al. 1989). One study carried 

out using rat models even suggests the ability of charcoal to increase the lifespan of mammals by 43% (Frolkis, V. V., et al., 1989). 

According to ANI (2009), a study found that charcoal could prove useful in dealing with the high rate of heart disease in patients 

with advanced kidney disease.  

It has been observed in the past that patients with advanced kidney disease have high rates of atherosclerosis or "hardening of the 

arteries" and death from heart disease.  

 

Studies have shown that AST-120, the form of oral activated charcoal a product called AST-120 previously used by doctors in 

emergency treatment for certain types of poisoning, can be helpful in treating kidney disease as well.  This is especially important 

because there is no effective treatment to reduce the high rate of cardiovascular mortality in patients with end-stage renal disease 

(ANI (2009). 

 

In the great book titled ñCharcoal, Godôs Humble Doctor,ò the author, John Densely gave an in-depth into some uses of charcoal 

as follows: 

i. Charcoal is used for cooking. 

ii. It is used in the International Space Station (ISS) to purify water and air so that the two can be used repeatedly. One liter of water 

can cost upwards of US$10,000 to take to the ISS, so it is important to be able to clean it and use it again repeatedly. 

iii. Charcoal is used to purify the air in nuclear submarines that travel for months under the water in the deepest oceans. 

iv. Charcoal is used in the most modern hospitals in the world to treat different health problems. 

Charcoal is used in kidney and liver dialysis machines to purify the blood when the kidneys or liver are sick and not functioning 

properly.  

v. Charcoal works to prevent cerebral malaria. 

vi. Charcoal is used in very expensive wound dressings to stop the spread of infections when antibiotics fail. 

vii. Charcoal neutralizes ingested poisons. When people take drugs and become sick, charcoal is used to reverse the drug poisoning. 

viii. A tablespoon of very fine charcoal powder mixed with olive oil is swallowed to cure indigestion. 

ix. Charcoal crumbs given to chickens help the chickens to lay more eggs and bigger eggs. 

x. Charcoal crumbs given to cows help in the cure of mastitis and in addition help the cows to produce more milk. 

xi. Charcoal crumbs spread in animal pens help adsorb bad odours, thereby having less flies and with less flies, less infections. 

xii. There are hundreds of different charcoal products. These include, charcoal soaps, charcoal creams and salves for skin problems, 

charcoal fabric, charcoal cosmetics, charcoal powders and toothpaste. 

xiii. Charcoal is used in different foods for colourings. 

xiv. Charcoal fibres are used in combat uniforms to neutralize poisonous gases including radioactive chemicals and athletic gear to 

promote circulation.  

xv. Charcoal fibres are used in athletic gear to promote circulation.  

xvi. Charcoal is used in hundreds of applications to purify contaminated water. 

xvii. Charcoal in agriculture. Adding charcoal to the soil has be shown to increase some crop production up to 400%. 

xviii. Charcoal in agriculture. Sprinkling charcoal in banana plantation has shown to help stop the dreaded BXM or BBW wilt.  

xix. Charcoal in agriculture. Where the soil has been poisoned by repeated use of pesticides, herbicides, and fertilizers, charcoal 

helps to restore the soil by neutralizing the buildup of the poisons in the soil. 

 

11. Healing Forest:  

Healing forest is a concept that I have actively promoted over the years to enhance the health and welfare of our citizens. It has 

immense benefits for urban dwellers exposed to stress and the attendant consequences. I acknowledge the Ogun State Traditional 

Medicine Board who immediately accepted my suggestion to have it in the State.  
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9Ǿŀƴǎ όнлмуύ Ƙŀǎ ƴƻǘŜŘ ǘƘŀǘ άbŀǘǳǊŜ ŘŜŦƛŎƛǘ ŘƛǎƻǊŘŜǊέ ƛǎ ŀ ƳƻŘŜǊƴ ŀŦŦƭƛŎǘƛƻƴΦ ¢Ƙƛǎ ƳŀƴƛŦŜǎǘǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƴ ǇŜƻǇƭŜ ƭƛǾƛƴƎ ƛƴ cities, 
working in high-rise office buildings, and becoming addicted to their innumerable electronic devices. 
University of Minnesota (2016) noted that research revealed that environments could increase or reduce stress, which in turn impact 

human bodies. The stress of an unpleasant environment can cause one to feel anxious, sad, or helpless. This in turn elevates blood 

pressure, heart rate, and muscle tension and suppresses immune system. A pleasing environment reverses that. The University 

further stated that what people are seeing, hearing, experiencing at any moment is changing not only their mood, but also how the 

nervous, endocrine, and immune systems are working. In addition, that ñNature deprivation,ò a lack of time in the natural world, 

largely due to hours spent in front of TV or computer screens, has been associated, unsurprisingly, with depression. 

Exposure to natural world reduces mental fatigue provoked by the city environment and increases concentration and the ability to 

perform tasks.  Having a walk in nature may clear the head of bad feelings. Natural spaces have also an effect on behaviour: 

promotes self-discipline, self-esteem, self-reliance, self-concept, and self-perception and reduces aggressive behaviours. Plants in 

a work office or a classroom decreases coughing, headaches, dry skin and fatigue. They also reduce the occurrence and frequency 

of time off through illnesses (Camps, 2016). 

Being in nature, or even viewing scenes of nature, reduces anger, fear, and stress and increases pleasant feelings. Exposure to nature 

not only makes one feel better emotionally, it contributes to physical wellbeing, reducing blood pressure, heart rate, muscle tension, 

and the production of stress hormones. It may even reduce mortality.  

Research done in hospitals, offices, and schools has found that even a simple plant in a room can have a significant impact on stress 

and anxiety (University of Minnesota, 2016). 

A Japanese organization, Japanese Society of Forest Medicine  promotes research on the therapeutic effects of forests on human 

health and educates people on the practice of forest. It has found that spending time in a forest can reduce stress, anxiety, depression, 

and anger; strengthen the immune system; improve cardiovascular and metabolic health; and boost overall well-being. 

Japan, in 1982 launched a national program to encourage forest bathing, and in 2004, a formal study of the link between forests 
and human health began in Iiyama, Japanτa place particularly known for its lush, green forests. Now, each year upwards of 2.5 
Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ ǿŀƭƪ ǘƘƻǎŜ ŦƻǊŜǎǘ ǘǊŀƛƭǎ ŀǎ ŀ ǿŀȅ ǘƻ ŜŀǎŜ ǎǘǊŜǎǎ ŀƴŘ ŜƴƘŀƴŎŜ ƘŜŀƭǘƘΦ ¢ƘŜ ŀǊǘ ƻŦ άŦƻǊŜǎǘ ōŀǘƘƛƴƎέτshinrin-yoku involves 
slowly walking through a forest (Evans, 2018). 
Camps (2016) listed the following as benefits of connecting children with nature: 

¶ Foster their intellectual, cognitive, emotional, social, spiritual and physical development. 

¶ Supports creativity and problem solving. 

¶ Display decision-making skills. 

¶ Increases their ability to focus and enhances cognitive abilities. 

¶ Improves academic performance (social studies, science, language arts and maths). 

¶ Reduces symptoms of Attention Deficit Disorder (ADD) and Attention Deficit Hyperactivity Disorder (ADHD). 

¶ Increases physical activity, aware of nutrition, politeness and creativity. 

¶ Increases calmness and reduces disruptive behaviour. 

¶ Reduces myopia. 

¶ Improves social relations, self-control and self-discipline. 

¶ Reduces stress. 

¶ Promotes wellness of future adults. 

¶ Promotes support and concern to conservation initiatives in adulthood. 

 

 

Recommendations: 

1. A broader perception about forests, their products, services, and uses needs to be taken beyond being regarded only as wood 

production lots.  

2. Forest soils, and all soils, are a life production machine that can enhance national economy, and the health of the people. We 

need not wait until we start importing soil organisms from other nations before we know that we have destroyed and forfeited our 

own natural resources. Soils need protection for the sake of human survival. 

Foresters and soil scientists should be seen as important doctors of nature and should therefore be rightly accorded the prime place 

of importance. 

3. Forestry is the science and management of life of all components of the ecosystem including that of man. A revolutionary insight 

into forestry is advocated in this submission. The current focus and overemphasis on teaching forestry for the production of wood 

is myopic. In any case, deforestation has shown that the timber is no longer freely available.  

4. Revolutionary research areas highlighted in this paper can help enhance the scope and acceptance of forests and forest 

practitioners by the general populace and the ruling class. 

http://forest-medicine.com/epage01.html
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5. The establishment of healing forests will contribute significantly to the health of Nigerians especially the overstressed individuals 

in the cities. 

6. Insect and all other arthropods should be documented. In addition, they should studied for their medicinal values and ecological 

services. Insect farming practice is recommended. 

7. Man is a central point in forestry. Therefore his products such as the feces and urine, if properly used can contribute to the 

enhancement of the environment. 

8. On belly button oiling, tropical oil seeds in Nigeria can be studied for their use in belly button applications. 

9. Forestry organizations especially the Forest Products Society should begin the use of YouTube channels, television programmes 

for nature, nature photography such as underwater photography, Time lapse photography are avenues for the development of radical 

forestry in the 21st Century.   

10. Leadership studies should be included in forestry programmes. It is clear that Nigeria needs a new crop of leaders from every 

sphere including forestry. Political leadership has become an albatross on forestry development.  

11. Forestry institutions in Nigeria should become the best especially in Africa in order for forestry to be regarded and respected. 

This can be through innovative programmes. Forestry can be oriented to become the ñeconomic basketò of the nation through 

innovative research, programmes and products. This association can set up a body to study and compile research studies that can 

be further developed for innovations.  

First class laboratories are ñsine qua nonò (indispensable) for forestry development. So also is the acquisition of technological 

instruments such as drones, geo-hunters, telescopes, DNA testers, food sniffers, black light, essential oil extractors, refractometers, 

banana fiber extractors, cow dung dewatering machine, among many others.  
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Abstract 

The development of sustainable tolerant/resistant lines with high precision in shortest possible time for agricultural sustainability 

has been accelerated by gene pyramids through Marker-Assisted Selection (MAS) and other procedures. Gene pyramiding involves 

the stacking of multiple genes that simultaneously exhibit more than one gene in a given species to develop a sustainable expression 

of resistance, thereby improving plant breeding efficiency leading to genetic resistance and the accurate development of broad 

spectrum resistance. Conventional crop-breeding technology alone cannot be adequate in modern day agriculture for the 

sustainable achievement of the growing population food demand. A number of environmental challenges, including drought, severe 

temperatures, excessive salt, parasite and insect pest infestation, etc, threaten sustainable agricultural output. In many nations, 

these difficult environmental circumstances can have negative consequences for future farming production. Therefore, 

advancement in molecular genetics to the selection of new plant species is promising instruments. 

 

Keywords: Gene pyramiding, Marker-Assisted Selection (MAS), broad spectrum resistance, food security, new plant species 

 

 

Introduction  

In the world of increasing food demand scientists are trying to improve and produce more crop in an unfavorable environmental 

conditions by selecting for desired traits in most crop plants. However, biotic and abiotic stresses remain the greatest constraint to 

crop production which accounts to an annual yield loss globally (Suresh and Malathi, 2013). Biotic factors such as bacteria, viruses, 

fungi, nematodes, insect pests and weeds are considered to be that factors limiting crop production (Vincelli, 2016). A recent 

assessment documents how these stress factors collectively affect all of the components of food security from overall production 

to physical availability, distribution, economic access, stability of production, quality and nutritive value (Savary et al., 2017). For 

years, the damage caused by these stress factors is being controlled by the use of chemicals. But nowadays, interest in the use of 

chemicals against biotic stress is decreasing as a result of its various limitations such as there is need for more than one chemical 

application, an investment that is not affordable by most small-scale farmers (Brading et al., 2002). Aside this, application of 

chemicals may have adverse effects on human health and the environment, including beneficial organisms (Miedaner, et al., 2013). 

On the other hand, the use of resistant cultivars is currently seen as the best strategy, durable, economical, and environmentally 

friendly means of control (Ragimekula. et al., 2013, Klarquist, et al., 2016, Hansona, et al., 2016). 

As regards to the above, molecular breeding efforts can be adopted to incorporate resistant gene into crop plants but care must be 

taken in doing so as most of the plants would eventually lead to resistance breakdown within a short period (Kottapalli. 2010). 

Hence, a phenomenon called gene pyramiding can be adopted to target cultivars that can withstand multiple stresses by assemblage 

of series of genes from different parents into a single genotype (Jain and Bar, 2010, Suresh and Malathi, 2013). This procedure is 

usually an end product of a genotype with all the target genes present (Guoyou and Kevin, 2008). The technique is very helpful for 

developing crops that confer broad spectrum resistance against different races of combination of these stress factors (Joshi and 

Nayak 2010).  

This breeding approach involving a series of phenotyping and genotyping by screening of a large population to obtain desired 

variability and a high frequency of favorable genes (Kumar et al. 2014). But there is also a conventional breeding approach 

involving sequential selection of large segregating populations for biotic and abiotic stresses across generations which helps 

breeders to develop breeding lines that combines tolerance of both stresses. As a result, a superior line is promoted for release in 

terms of acceptable plant type, grain yield, quality attributes, and steady performance under various environmental situations 

(Kumar et al. 2014; Sandhu and Kumar 2017). Selection typically involves evaluating a breeding population for one or more traits 

in field or glasshouse trials. The goal of plant breeding is to develop more desirable combinations of genes in new varieties. (Collard 

and Mackill 2007).  

Therefore, this review focuses on gene pyramiding approaches that have proven to be effective in modern agriculture for boosting 

crop tolerance to biotic and abiotic challenges and ensuring long-term crop improvement. 
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Conventional method 

Traditional breeding for several years has been used to identify and incorporate multiple resistant genes into cultivars of interest to 

develop durable resistance to biotic and abiotic stresses (Ragimekula. et al., 2013). And this can be confirmed mostly by 

phenotyping at an individual level where the target genes are present. The breederôs art of recognizing desirable traits which is by 

physical identification should be good and, pollinating them to produce the next generation is very important. But, conventional 

phenotype screening approach to gene pyramiding is usually very difficult and sometimes not possible, because of the effects of 

epistasis of genes of disease resistance, dominance and also due to limitations associated to screening against the two diseases 

through the year (Sundaram et al., 2014). 

However, conventional method of crop improvement has been criticized for being slow, inflexible, labor-intensive and expensive 

(Wieczorek, 2003; Choudhary et al., 2008). With conventional breeding approach, breederôs capability to track the presence or 

absence of the target genes is very slow and limited. This limits the number of genes to be stacked into elite cultivars at many times 

(Malav, 2016). Therefore, an intervention that can reduce the cost and time is necessary to be developed so as to release new 

cultivars with durable resistance 

 

Molecular markers 

Recently, Molecular Marker, a biotechnological tool is a widely used tool crop improvement for efficient and rapid accumulation 

of desirable genes from various sources into a single background to produce broad spectrum/durable resistance (Malav, 2016, 

Ragimekula. et al., Suresh and Malathi, 2013). This has made it easier to identify, map and efficiently pyramid desirable 

genes/QTLs into crop plants (SH 2003). Hence, identification of genes/QTLs with closely linked DNA-markers is useful for 

successful transfer of the gene/QTLs into improved cultivars via Marker-Assisted Selection MAS (Campbell et al., 2003). 

Most of the time in plant breeding program, the primary goal is to find the favorable genes for a desirable traits (Yan and Rajcan 

2002, Dehghani et al., 2008). Usually, selections of parents used in crosses are from advanced and developed lines. While after 

crossing the new cultivars should possess superior combinations of characters and parents should serve as excellent donors of one 

or more traits being targeted by the breeding program (Yan and FrégeauReid 2008).  Hence, identifying and utilizing genotype that 

possesses these targeted characters is of most importance in producing a population for developing a new variety (Samonte et al., 

2013).  However, to target, identify and utilize this approach, Marker Assisted Selection (MAS) needs to be adopted. This approach 

is applied extensively in numerous ways in agriculture in breeding a new cultivar (Mackill, 2007). 

 

Marker assisted selection 

Marker Assisted Selection is used in the pyramiding process for selecting the progenies that possess the desired traits and taking 

them to the next cross. In such way, the time for selection in the field can be decreased and the efficiency can be enhanced; 

ultimately creating a broad-spectrum pyramid genotype (Manoj Sapkota 2018). Most times it is difficult to select the multiple traits 

based only on the plant phenotype since they might be expressed due to epistasis. MAS are often used for selecting the resistance 

against the stress factor by the application of genetic markers to identify and select the specific genes of interest governing the 

resistance (Shi, et al., 2008). We should not forget also that the desired gene should also be effective and must provide the desired 

trait and should not have any negative effects on other desired traits.  

The target genotypes can be more effectively selected which may enable certain traits to be ófast-trackedô, resulting in faster line 

development and variety release. Markers are also used as a replacement for phenotyping, which allows selection in off-season 

nurseries making it more cost-effective to grow more generations per year (Ribaut& Hoisington 1998). Another advantage of MAS 

is that it can reduce the number of lines that need to be examined. Since many lines can be discarded after MAS early in a breeding 

scheme, this permits more efficient use of glasshouse and/or field space which is often limited because only important breeding 

material is maintained. 

Furthermore, aids to selection can be carried out at the seedling stage. This may be useful for many traits, but especially for traits 

that are expressed at later developmental stages. Therefore, undesirable plant genotypes can be quickly eliminated. This may have 

tremendous benefits in plant breeding because typical plant production practices involve sowing pre-germinated seeds and 

transplanting seedlings as the case may arise, making it easy to transplant only selected seedlings to the main field. There are 

several instances when phenotypic screening can be strategically combined with MAS. In the first instance, ócombined MASô 

(Moreau et al., 2004) may have advantages over phenotypic screening or MAS alone in order to maximize genetic gain (Lande & 

Thompson 1990). When there are still unidentified QTLs influencing a characteristic or when a large number of QTLs need to be 

altered, this strategy could be adopted. This strategy is more efficient than phenotypic screening alone, according to simulation 

studies, especially when large population sizes are used and trait heritability is low (Hospital et al., 1997). Bohn et al., (2001) 

investigated into the possibility of using MAS to improve insect resistance in tropical maize and discovered that it was less effective 

than traditional phenotypic selection. When MAS and phenotypic screening were combined, however, relative efficiency increased 

slightly.  For an example in wheat, MAS combined with phenotypic screening was more effective than phenotypic screening alone 

for a major QTL on chromosome 3BS for Fusarium head blight resistance (Zhou et al., 2003b). The advantages of MAS over 

conventional breeding must be fully explored for MAS to attain its full potential for crop improvement. 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib93


Contribution of molecular markers to food security: Introgression and pyramiding ééé.. Awosan et al. 

 
 

Proceedings of the 8th Biennial Conference of the Forests & Forest Products Society, 
Held at the Forestry Research Institute of Nigeria, Ibadan, Nigeria. 14th - 20th August, 2022 

 

146 

Pyramiding of multiple traits  

With the development of gene identification technologies, gene pyramiding technique targeted for introgression has been 

successfully demonstrated and typically used in improving biotic and abiotic factors. This strategy has been used as an advanced 

approach incorporating durable and multiple pathogens for resistance in many crops. (Joshi and Nayak 2010). The most common 

use of this technique is to integrate one or several highly inherited features into an adapted or elite variety. These different resistance 

genes often confer resistance to different isolates, races or biotypes.  In most cases, for instance, the elite variety used for crossing 

possesses a large number of desired traits but only has a few features while the other parent, known as the donor parent, has one or 

more genes that control an important feature that is not present in the elite variety (Hansan et al., 2016). 

In addition, since the advent of molecular markers, marker assisted selection has been successfully used in gene pyramiding 

program in targeting, transferring and pyramiding resistance loci to create more durability and broad-spectrum resistance in various 

crops (Joshi and Nayak 2010).  The use of these molecular markers, permits completes gene identification of the progeny at each 

generation, thereby increasing the speed of pyramiding process. Thus, this technique permits resistance genes to be accumulated 

into a single genotype, thereby making use of major genes, different or the same alleles of one gene (Tan et al., 2010). However, 

gene pyramiding scheme can be distinguished into two parts. The first part is known as a pedigree, and it aims to combine all target 

genes into a single genotype known as the root genotype, while the second part is known as the fixation step, and it aims to fix the 

target genes into a homozygous state, i.e. to derive the ideal genotype from a single genotype. 

 

Marker -assisted gene pyraniding in developing crop varieties 

Gene stacking, also known as pyramiding, is a useful technique for transferring multiple desired genes or QTLs from different 

parents into a single genotype in the shortest time possible (two to three generations), as opposed to conventional breeding, which 

takes at least six generations to recover 99.2 percent of the recurrent parent genome [Suresh et al., 2013, Hasan et al., 2015]. Plant 

scientists have successfully utilized this technique to pyramid resistant genes or QTLs into crops to increase its durability through 

the help of closely associated markers against biotic stresses. 

For instance, a study carried out by Kumar et al. 2019 used marker-assisted backcrossing and phenotypic selection to pyramid three 

tomato leaf curl virus resistance genes (Ty-1, Ty-2, and Ty-3), two late blight resistance genes (Ph-2 and Ph-3), and one root knot 

nematodes resistance gene (Mi1.2) from distinct donor parents. From the study, it was deduced that the introgression of the various 

genes remarkably enhanced resistance against leaf curl, late blight and root knot nematodes diseases. However, it was concluded 

that these enhanced lines of resistant multiple diseases can play a significant role in future. Moreover, another study was 

investigated by pyramiding more than one resistance genes in sweet Charleston pepper line Y-CAR. Molecular markers and 

biological assay was used to carry out this study. The study successfully transferred resistance genes to these viruses on molecular 

markers and biological tests to the superior sweet Charleston pepper line Y-CAR. A new line has therefore been developed that is 

resistant to PVY, TSWV and PMMoV. The results also show that a pyramid strategy for the reproduction of multiple resistance 

viruses is applicable in pepper. 

 Furthermore, marker assisted gene pyramiding was successfully carried out to incorporate Phg-2 R of the angular leaf spot 

resistance gene and two CBB main quantitative feature loci (RQTLs) into the background of the susceptible and most common 

bean cultivar REDWOLAITA, or RW in Ethiopia. It was deduced that the lines developed were highly resistant to the CBB and 

ALS strains under screening conditions (Rezene et al., 2019). In a high yielding Malaysian Putra 1 with a genetic background of 3 

blasting resistance genes (piz, Pi2 and Pi9) two dominant (Xa4 and Xa21) and two recessive (xa5 and Xa13) Xoo resistance genes 

were introgressed.  The discovery from this investigation through Marker-assisted background selection revealed a high percentage 

of about 95.9% recurrent parent genome recovery. The incorporation in the newly developed lines of four bacterial leaf blight and 

three blast-resistant genes (Xa4 + xa5 + xa13 + Xa21; Pi9 + Pi2 + Piz) would provide for wide spectrum and lasting resistance to 

two important diseases investigated.  It is worth noting that blast is caused by Magnaporthe oryzae  and bacterial leaf blight is 

caused by Xanthomonas oryzae pv oryzae (Xoo) are major diseases responsible for significant yield loss in rice production across 

all rice growing regions  (Chukwu et al., 2020). 

The technique of Marker-Assisted Selection (MAS) was used to develop ten new lines with blast, bacterial blight (BB) and BPH 

resistance genes. A higher line was obtained with blast resistor genes, BB and BPH. In general, information about the development 

of the restorers is useful for rice resistance breeding through the pyramiding various resistance genes (Zhi-juan et al., 2016). 

Arunakumari et al., 2016 was able to pyramid bacterial leaf blight (BB) resistance genes and blast resistance gene into an Indian 

rice variety MTU1010 through Marker-Assisted Selection and it was observed that the improved lines were highly resistant to the 

disease.  Yanchang and Zhongchao 2013 also recorded a success in pyramiding multiple traits of semi-dwarf gene, submergence 

tolerance gene, blast resistance gene and bacterial blight resistance genes  in rice by Marker-Assisted Selection and the improved 

line was able to carry the designated multiple traits. 

 

Challenges 

In some circumstances, there is inadequate linkage between the marker and the gene, resulting in recombination between the marker 

and the gene/QTL (Sharp et al., 2001). In that wise marker validation is essential to determine a marker's ability to predict 

phenotype, and this highlights the benefits of employing flanking markers. Furthermore, breeding material has a restricted number 

of markers and polymorphism of markers. Ideally, markers would be able to detect traits in a wide spectrum of breeding stock. In 

other words, markers should be able to distinguish between varieties that display the feature and those that do not. Even in some 
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crops with a greater number of accessible markers, there may be certain chromosome regions harboring an important gene or QTL 

for which polymorphic markers are difficult to discover. Meanwhile, another problem with pyramiding is the influence of genetic 

background. It has been discovered that QTLs found in one mapping population may not be effective in other populations (Liao et 

al., 2001). For instance, Steele et al. ( 2006) discovered in rice that just one of four root-length QTLs was effective when 

backcrossed into a new variety of rice. In certain circumstances, this is owing to the small effect of an allele transferred into elite 

varieties (Charcosset & Moreau 2004). 

Parents representing the extreme ends of the trait phenotype are often selected for QTL mapping experiments. This increases the 

likelihood of discovering these QTLs because QTL mapping is based on statistically distinct group of markers. However, the 

fundamental disadvantage of this method is that one (or both) parents may have QTL alleles that are similar, if not identical, to the 

elite germplasm employed in breeding programs (Holland 2001). 

Moreover, high Marker-Assisted Selection costs are another problem. The cost of using MAS can vary significantly compared to 

conventional phenotypes, although this is covered by only a relatively small number of studies. The cost-benefit ratio of MAS has 

been shown to depend on various factors such as the inheritance of the trait, method of phenotypic assessment, the cost of field and 

glasshouse experiments as well as the cost of labor (Dreher et al., (2003) and Morris et al,. (2003). It should also be noted that large 

initial investments in capital are needed in equipment purchases and that regular maintenance costs are incurred. The costs of MAS 

could also be affected by intellectual property rights, such as patent granting costs (Brennan et al., 2005). One approach to this 

challenge is to contract out the Marker-Assisted Selection program to sophisticated laboratories that can help in saving cost by the 

use of high-performance equipment. Generally speaking, the cost of MAS remains a major barrier to its use. It should be noted, 

depending on the number of samples or the number of marker assays, that MAS cost estimates may change. Dreher et al., (2003) 

study indicated that cost may decrease as the number of samples and/or marker tests increases because many components of MAS 

are economical in scale and lack divisibility. A current trend is the establishment of marker genotyping firms, which will make it 

possible to outsourced marker genotyping. In the event that genotyping outsource costs are cheaper and logistical problems are not 

created or minimized, the breeding programs can offer more MAS opportunities. 

Finally, the knowledge gap between plant breeders, molecular biologists, and other disciplines. In recent decades, rapid 

developments have been observed with DNA marker technology, QTL theory and statistical methodology for the QTL analysis. 

These concepts used by molecular biologists are not clearly understood by plant breeders and other plant research scientists (Collard 

et al., 2005). Moreover, wide ranges of highly specialized equipment are based on advanced molecular-genotyping techniques. 

Similarly, molecular biologists may not understand fundamental concepts in plant breeding. This reduces the integration level 

between conventional and molecular breeding and eventually influences the evolution of new breeding lines. 

 

Conclusion 

The breeding of plants has made significant progress in improving crops and it is crucial that this continues.  In other words, MAS 

could be very helpful in reaching this objective, although to date there has been a minimal impact on varietal development. To 

achieve the MAS potential, greater integration with breeding programs, and the development of current barriers and solutions are 

imperative. The use of the benefits of MAS in relation to conventional breeding could have a significant effect on crop 

improvement. 

The high cost of MAS will remain a major obstacle for adoption in near future in the developing countries, as a result s budgets 

may need to be adjusted. Nonetheless new technology for markers would significantly reduce the cost of MAS. When validating 

the efficiency of the new methods and easily getting equipment, this should allow MAS be more wide-scaled for crop breeding 

programs. 

 

Future prospects 

In this coordinated effort to increase food production, plant breeding will continue to play a crucial role. In the light of current yield 

trends, projected population growth and environmental pressures, yield stability and sustainability characteristics should be a key 

focus of efforts in plant breeding. These include resistance to durable diseases, abiotic stress tolerance, and efficiency in nutrient 

and water use (Mackill et al., 1999; Slafer et al., 2005; Trethowan et al., 2005). Moreover, cultivation of varieties in marginal areas, 

especially in developing countries, need to be developed (Naylor et al., 2004). 
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Abstract 

The importance of being educated on climate change over a period of time usually comes with long lasting impact on the 

individual in the choice of food to eat, what car to use and how to reduce carbon emission for a cleaner environment. However, 

there is a low level of perception of the meaning, causes and effects of climate change especially among students.This study 

was carried out in the University of Ibadan Campus using medical students as respondents to gather data. The students were 

selected from medicine and surgery, Dentistry, Physiology, Nursing, Human Nutrition and Physiotherapy using multistage 

random sampling. Three hundred copies of questionnaire were administered to the respondents asides focus group discussion 

and analysed using descriptive statistics to present results in frequency and percentages on tables. The result showed the level 

of awareness among students, the sources of information and impacts of climate change. The students in Medicine department 

take courses on climate change (33.7%) more than their counterparts in the college and submitted that climate change help 

to provide information (85.2%) in certain aspects of their course just like those in Human nutrition (88.2%) agreed. However, 

Physiotherapy students agreed more on climate change being a source of employment (85.7%) than other usefulness. All the 

students from each department proved that the internet was the best source of information on climate change. The 

consequential effect of climate change as identified by the students also gave an indication on their perception of climate 

change. In order to be able to achieve adequate preventive, adaptive and mitigative measures on climate change as there is 

need for better education of these students through inclusion of climate change topics in their curriculum as climate change 

affects everyone irrespective of discipline, culture or clime. 

 

Keywords: Climate change, Education, impacts and awareness 

 

 

Introduction  

Climate refers to the average weather conditions of a particular place studied over a period of time. The changes in rainfall 

pattern, wind speed and direction, light intensity all have direct impact on the growth and abundance of plant species and 

subsequently affect the animal population that rely on them for survival. Historically, agriculture develops over time in a given 

region based on ñnormalò or average climate conditions. The frequency of occurrence of extreme climate conditions dictates 

the response of agriculture to climate variability/change (Raymond, 2008). 

All over Nigeria, millions of people are already experiencing changing seasonal patterns of rainfall and increased heat (Falaki 

et al., 2013). This has led to severe changes in rainfall patterns and amount causing drought in the northern part and flooding 

in the southern parts of the country as well as an influx of pests and diseases. Climate also determines to a large extent 

availability of water, which impacts health and ultimately the level of poverty amongst Nigerians (Falaki et al., 2013). The 

changes in weather conditions, vegetation pattern, animal populations and ecological balance among others have been the bane 

of intellectual discuss among conservationists, ecologists, academia, policy makers and other stakeholders for about two 

decades ago. However, the few individuals that think they are not directly affected are just being illusioned about the 

importance of these changes. Hence, the need to study the perception of climate changes among medical students in the 

University of Ibadan campus. 

Boko et al. (2007) and Falaki et al. (2013) both submitted that the government and researchers focused on the social, 

environmental and financial implications as well as adaptive measures to climate change when majority of the populace still 

lacked perception of it. Meanwhile, public perception of an issue (climate change) is very important to the success or failure 

of any measures (economic, political or social) to be adopted in controlling or adapting to such. Zube et al. (1982) once posited 

that the response of a man to issues pertaining to his environment can be broadly categorised as cognitive (related to knowledge 

and understanding), affective (related to feelings, attitudes, and emotions), behavioural (related to changes in behaviour of the 

viewer), and physiological (biological or physical effects on the observerôs body). Perception determines the social mental pic- 

ture of climate change.  Therefore, demographic information of students from the four faculties that made up medical and 

health sciences were examined to determine perception among respondents used for this study. 

Perception of climate change is a precursor for mitigating and adaptive measures of climate change. Climate change has 

hitherto been associated more with agricultural sciences, environmental studies and some science courses; when in actual fact 

every individual is under the influence of climate change but some lack perception. This is why the medical students were 

targeted for this study as they spend most of their time at the University College Hospital. 

 

Methodology 

Study Area 

This study was carried out in the University College Hospital (UCH) with medical students being the respondents. UCH is 

located within Ibadan North Local Government which is the Southwest part of Agodi government reserved area (GRA) towards 
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Mokola, Ibadan. Ibadan is located approximately on longitude 3054¡ of Greenwich Meridian and latitude 7026¡ North of the 

equator. It has a total land area of 130km2 and 750m above sea level.  

Sampling Techniques 

A multistage random sampling procedure was used to collect primary data from 300 respondents from the College of Medicine, 

University of Ibadan, using structured questionnaires. Each department from the four faculties of Basic Medical Sciences, 

Clinical Sciences, Public Health and Dentistry was ably represented at all levels. Based on the studentsô population, random 

selection was done on a 10% and 20% for lower and higher populations respectively. 

Sources of data 

Reconnaissance survey of the students and Departments in the College was carried out to determine studentsô population 

before the questionnaires were administered. The data was obtained through questionnaires and personal interview of the 

students.                     

  Data Analysis  

The data obtained from the questionnaire was based on the departments available in the College of Medicine before being 

analysed by SPSS using descriptive statistics. The results of analysis are presented as frequency and percentages in tables 

 

Results and discussion 

Demographic Characteristics of Respondents 

 The total number of respondents was 300 (Table 1) of which 53.7% were males and 46.3% females. The Department of 

nursing had the least number of students with no male respondents while Biochemistry, Dentistry, Physiotherapy and medicine 

and surgery had 55%, 59%, 100% and 59% males respectively. This implies that there are more male students in medical 

related courses than females except for nursing which seems to be a female dominated department. 

The age of respondents sampled for this study ranged from 16 to 30 years with the highest frequency (46.3%) being 21 to 25 

years old students and the oldest set of respondents were 27.0% of the sampled population.  

 

Table 1: Demographic Characteristics of Respondents 

Socio-characteristics Range Frequency 

Gender Male 

Female 

161 (53.7%) 

139 (46.3%) 

 

Age 16-20 

21-25 

26-30 

81 (27.0%) 

172 (57.3%) 

47 (15.7%) 

 

Courses on Climate Change as Perquisite in the College 

Teaching about climate change can be a daunting challenge, but it is a critical field for students to learn about, as it affects 

many parts of society. Table 2 showed that most of the respondents in the department of medicine and surgery (34%) as well 

as a few in nursing (3%) were of the opinion that they had no environmental based course in their curriculum while in 

Physiotherapy, Dental Surgery, Physiology, Human Nutrition, Biochemistry and Nursing; 4.7%, 4.7%, 4.3%, 4.3%, 4.3% and 

1.3% respondents respectively agreed that they had taken climate change as an environmental-based course at one point or the 

other in their curriculum. The result obtained for this study is contrary to the report of Ayanlade and Jegede (2016) that about 

70.7% of university graduates received brief lectures in some special elective courses during their university education, while 

only 4.1% were taught to more than three semesters/terms in some special elective courses. 

The importance of being educated on climate change over a period of time as a course usually comes with long lasting impact 

on the individual as submitted by Cordero et al., (2020) through decisions made after graduation on what car to buy, food 

choices and reduction in carbon emissions. As medical students who would be saddled with meeting people on a daily basis; 

an educational background in climate change can help them to make informed decisions on diseases diagnosed from 

environmental causes, nutrient deficiencies as well as counselling patients to live healthily.  

 

Table 2: Courses on Climate Change as Perquisite in the College 

Department Yes 

Freq  (%) 

No 

Freq  (%) 

Total  

Freq (%) 

Medicine & Surgery 80 (26.7) 102 (34) 182 (60.7) 

   

Physiotherapy 14 (4.7) 9 (3) 23 (7.7) 

   

Dental Surgery 14 (4.7) 11 (3.7) 25 (8.3) 

   

Physiology 13 (4.3) 6 (2.0) 19 (6.3) 

   

Human Nutrition 13  (4.3) 4 (1.3) 17 (5.7) 

   

Biochemistry 13 (4.3) 8 (2.7) 21 (7.0) 

   

Nursing 4 (1.3) 9 (3.0) 13 (4.3) 
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Total 151 (50.3%) 149 (49.7%) 300(100%) 

 

 

Relevance of Climate Change Courses to Students 

Table 3 showed that 85.2% of the respondents in the department of medicine and surgery believed that climate change will be 

needed to meet their own information needs, while another 79.1% of this same set of respondents opined that the study of 

climate change gave them a better understanding of the world. For the Physiotherapy respondents, 78.6% agreed that climate 

change has provided them with useful information relating to their course of study; 64.3% considered it as an opportunity for 

getting jobs after school and 85.7% reported that climate change has given them a better understanding of the world 

surrounding them. Though, 68.2% and 68.2% in Dental surgery, 83.3% and 57.9% in Physiology, 88.2% and 82.4% in Human 

nutrition, 85% and 70% in Biochemistry and 80.8% and 73.1% in Nursing respectively all agreed that the knowledge of climate 

change has provided them with some needed information in their field as well as better understanding of the world in general. 

However, 59.1% in Dental surgery, 52.9% in Human nutrition, and 50% in Biochemistry students respectively were of the 

opinion that the knowledge of climate change will increase their prospects for getting jobs. Moreover, 58.8% of the respondents 

sampled in Human nutrition submitted that climate change is a key factor influencing peopleôs lifestyles. 

The results presented above showed the level of awareness and depth of knowledge of the respondents on climate change. For 

the few that agreed that climate change provided much needed information, it could be an eye opener to the influx of certain 

diseases related to nutrient deficiencies as well as excessive heat and dust particles. According to Okali (2008) in Ayanlade 

and Jegede (2016), climate change contributes to the global burden of disease and premature deaths through human exposure 

to changing weather patterns and indirectly through changes in water, air, and food quality, not forgetting the changes in 

ecosystems, agriculture, industry, and settlements and economy. 
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Table 4: Relevance of Climate Change Courses to Students 

Department Information needs Lifestyle Job placement  World view 

 Yes (%) No (%) Yes (%) No(%) Yes(%) No(%) Yes(%) No(%) 

Medicine  155 (85.2) 

 

27 (14.8) 

 

70 (38.5) 

 

112 (61.5) 

 

63 (34.6) 

 

119 (65.4) 

 

144(79.1) 

 

38(20.9) 

 

Physiotherapy 11(78.6) 

 

3(21.4) 

 

6(42.9) 

 

8(57.1) 

 

9(64.3) 

 

5(35.7) 

 

21(85.7) 

 

2(14.3) 

 

Dental Surgery 15(68.2) 

 

7(31.8) 

 

7(31.8) 

 

15(68.2) 

 

13(59.1) 

 

9(40.9) 

 

15(68.2) 

 

7(31.8) 

 

Physiology 18(83.3) 

 

3(16.7) 

 

5(26.3) 

 

14(73.7) 

 

9(47.4) 

 

10(52.6) 

 

11(57.9) 

 

8(42.1) 

 

Human nutrition 18(88.2) 

 

2(11.8) 

 

10(58.8) 

 

7(41.2) 

 

9(52.9) 

 

8(47.1) 

 

14(82.4) 

 

3(17.6) 

 

Biochemistry 17(85) 

 

3(15) 

 

6(30) 

 

14(70) 

 

10(50) 

 

10(50) 

 

14(70) 

 

6(30) 

 

Nursing 26(80.8) 

 

5(19.2) 

 

11(42.3) 

 

15(57.7) 

 

9(34.6) 

 

17(65.4) 

 

19(73.1) 

 

7(26.9) 

 

Total 249(83.3%) 

 

50(16.7%) 

 

115(38.3%) 

 

185(61.7%) 

 

122(40.7%) 

 

178(59.3%) 

 

229(76.3) 

 

71(23.7) 
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Perception of Students on Impact of Climate Change 

The perception of climate change among the medical students sampled is given in Table 4. Of the respondents, 42.0% perceived 

climate change as just the atmospheric condition of a place; another 17.7% could only see climate change literarily as a change 

in climate. 5.3% of these respondents argued that climate change meant the weather conditions experienced as well as 

significant changes observed in weather conditions in a particular place at a certain time. Meanwhile, 11.0% of the total 

respondents as well as another 5.7% perceived climate change as global warming, ozone depletion and a deviation from the 

normal climatic changes respectively. The results above is in line with the findings of Oruonye (2011) where 18.2% of the 

students of Jalingo Tertiary institutions interviewed had never heard of climate change and 89% of those who had heard ( 

81.8%)  do not know what climate change was all about, its causes, effects, and possible adaptive or mitigative measures. 

 

Sources of Information on Climate Change 

It is obvious that the students sampled possess literary understanding of climate change and lack adequate knowledge of the 

depth, causal factors and consequences of climate change that the world is battling with. This may be due to their curriculum 

being different from those of their counterparts in agriculture and environment-based disciplines. This observation supports 

the findings of Akrofi et al (2012) that studentsô involvement in climate change-related workshops and campaigns significantly 

influenced their knowledge levels. Moreover, climate change affects all living beings under the sun regardless of career paths. 

The lack of proper understanding of the issue being discussed is contrary to the findings of Ayanlade and Jegede (2016), 

Ojomo et al., (2015) and Agboola and Emmanuel (2016) in which student respondents clearly identified the impact of climate 

change on agriculture, fishery as well as labelling it the third prioritized environmental issue in Nigeria based on a significant 

level of awareness and perception. 
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Table 4: Students Expression of Climate Change 

  Dept. Atm. Condition 

(%) 

Climate change 

(%) 

Weather 

conditions 

experienced 

(%) 

Negative 

change in 

climate (%) 

Global 

warning/ozone 

depletion (%) 

means any 

significant  

(%) 

Deviation from 

normal atmos. 

Condition (%) 

Average 

atmospheric 

condition of a 

place over a 

period time (%) 

Total (%) 

Med. & Sur. 73 (24.3) 30 (10.0) 10 (3.3) 15 (5.0) 23 (7.7) 11 (3.7) 10 (3.3) 10 (3.3) 182 (60.7) 

Physiotherapy 13 (4.3) 8 (2.7) 1 (3) - 1 (3) - - - 23 (7.7) 

Dental Surgery 8 (2.7) 2 (7) 2 (7) 2 (7) 4(1.3) 1(3) 3 (1.0) 3 (1.0) 25 (8.3) 

Physiology 7 (2.3) 3 (1.0) - 2 (7) 2 (7) 2 (7) 2 (7) 1 (3) 19 (6.3) 

Human nutrition 7 (2.3) 3 (1.0) 2 (7) 1 (3) 1 (3) 1(3) 1 (3) 1 (3) 17 (5.7) 

Biochemistry 14 (4.7) 5 (1.7) 1(3) 1 (3) - - - - 21 (7.0) 

Nursing 4 (1.3) 2 (7) - - 2 (7) 1 (3) 1 (3) 3 (1.0) 13 (4.3) 

          

Total 126 (42.0) 53 (17.7) 16 (5.3) 21 (7.0) 33 (11.0) 16 (5.3) 17 (5.7) 18 (6.0) 300 (100.0) 
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The various sources of information about climate change available to the students was also examined as shown in Table 6. 

The internet (38.7%), newspapers (34.7%), office reports (14.3%), Television (7.3%), Bulletin (1.7%), radio (1.0%) and social 

media (2.3%) provided the respondents at various times with needed information about climate change. 

Puttick and Talks (2021) reported four sources of information for teachers on climate change to be the Internet; government 

sources; mass media and professional development courses. The students in turn obtain the same information directly or in 

edited form from the teachers. The problem with the internet as a source of information is the overabundance of information 

on the internet and social media still makes it a necessity for teachers to guide students such that only quality and beneficial 

information will be harnessed. 

 

Table 5: Students Source of Information on Climate Change 

Department  Main sources of Information Total 

Internet Newsp

aper 

Office 

report 

TV Bullet Radio Media 

Medicine & 

Surgery 

Freq 80 60 29 11 2 0 0 182 

% 26.7 20.0 9.7 3.7 0.7 0 0 60.7 

 

Physiotherapy 

 

Freq 

 

9 

 

11 

 

0 

 

1 

 

1 

 

0 

 

1 

 

23 

% 3.0 3.7 0 0.3 .03 0 0.3 7.7 

 

Dental Surgery 

Freq 9 8 1 3 2 1 1 25 

% 3.0 2.7 0.3 1.0 0.7 0.3 0.3 8.3 

 

Physiology 

Freq 4 7 4 3 0 0 1 19 

% 1.3 2.3 1.3 1.0 0 0 0.3 6.3 

 

Human Nutrition 

Freq 3 8 2 2 0 2 0 17 

% 1.0 2.7 0.7 0.7 0 0.7 0 5.7 

 

Biochemistry 

Freq 8 8 3 2 0 0 0 21 

% 2.7 2.7 0.7 0.7 0 0.7 0 7.0 

 

Nursing 

Freq 3 2 4 0 0 0 4 13 

% 1.0 0.7 1.3 0 0 0 1.3 4.3 

Total  116 

(38.7%) 

104 

34.7% 

43 

14.3% 

22 

7.3% 

5 

1.7% 

3 

1.0% 

7 

2.3% 

300 

(100%) 

 

 

Perception on Possible Challenges Associated with Climate Change  

In 2011, Oruonye et al., observed that the developing countries of the world such as Nigeria will suffer most from the impacts 

of climate change as was evident in subsequent years in poor agricultural yield, flooding, drought among others. Table 6 

showed that 14.3% and 1.7% respondents from the department of medicine and surgery and human nutrition respectively 

agreed that poverty and famine were problems associated with climate change. This is because poverty has been known to 

push people into collecting firewood from the forest for sale as well as cooking which consequently leads to deforestation. 

These two factors are also major problems that could arise from climate change when agricultural harvests are low, famine 

and poverty may likely set in. The Physiology (7%) and Physiotherapy (2.3%) respondents each agreed that desertification 

and flooding were major problems causing and consequences of climate change. Meanwhile those in Dental surgery (3%) and 

Biochemistry (7%) both submitted ozone depletion as a major problem associated with climate change. However, ocean 

circulation was the major problem identified by the nursing department respondents.  

Different problems were identified by the students but majority of them agreed poverty or famine problem is associated with 

climate change. The problem can be caused by flooding or drought, which affects planted crops and in turn affect the supply 

of the crops. This cause famine and as a result causes poverty to the farmers. Planting of more trees can help this situation in 

other to protect the environment. This study supports the position of Ojomo et al., (2015) that Nigeria is currently exposed to 

and/or will be directly exposed to sea level rise, flooding, drought, coastal erosion, rising temperatures, desertification with an 

exception of melting glaciers as a result of climate change according to Nigeriaôs First National Communication under the 

United Nations Framework Convention on Climate Change (NFC-NFCCC, 2003). 

 

Perception on Aspects of Climate Change to be studied by Respondents  

The respondents sampled for this study have revealed the things that could interest them in climate change (Table 7); such that 

48.7% were found to be interested in the educational aspect probably because this might enlighten them on the whys, extent 

and consequences of climate change. Another larger set seemed to be more interested in the adaptation aspect. This may be as 

a result of uncertainty in putting an end to the menace of climate change and so have resigned them to learning the various 

ways of managing or adapting to climate change effects and consequences. 
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Table 6: Problem Associated with Climate Change  

Department Ocean circulation 

Freq % 

Desertification 

flooding 

Freq % 

Poverty 

famine Freq % 

Ozone layer 

Freq % 

Sun intensity 

Freq % 

Sea level Freq 

% 

Drought 

Freq % 

Deforesta. 

Freq % 

Env. 

Degrading 

Freq % 

Total 

Freq % 

Med& Surgery 37(12.3) 38(12.7) 43(14.3) 33(11.0) 11(3.7) 7(2.3) 6(2.0) 4(1.3) 3(1.0) 182(60.7) 

  

 Physiotherapy 

 

13(4.3) 

 

2(7.) 

 

4(1.3) 

 

4(1.3) 

 

- 

 

- 

-  

- 

 

- 

 

23(7.7_ 

 

Dental Surgery 

 

8(2.7) 

 

8(2.7) 

 

6(2.0) 

 

1(3) 

 

1(3) 

 

- 

 

 

 

- 

 

- 

 

25(8.3) 

 

Physiology 

 

4(1.3) 

 

7(2.3) 

 

6(2.0) 

 

1(3) 

 

1(3) 

 

- 

 

- 

 

- 

 

- 

 

19(6.3) 

 

Human 

Nutrition 

 

1(3) 

 

3(1.0) 

 

5(1.7) 

 

3(1.0) 

 

3(1.0) 

 

1(3) 

 

- 

 

- 

 

1(3) 

 

17(5.7) 

Biochemistry 5(1.7) 6(2.0) 4(1.3) 2(7) 3(1.0)  1(3) - - 21(7.0) 

 

Nursing 

 

2(7) 

 

1(3) 

 

4(1.3) 

 

2(7) 

  

1(3) 

 

1(3) 

 

2(7) 

 

- 

 

13(4.3) 

Total 70 (23.3) 65 (21.7) 72 (24.0) 46 (15.3) 19 (6.3) 9 (3.0) 9 (3.0) 6 (2.0) 4 (1.3) 300 (100.0) 
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One can only be interested in what is tangible as opposed to abstracts. Had there been a solution designed to ensure a kind of 

community participation, it would have given the students hope while creating a channel to express their interest. A design for 

students by Cordero et al. (2020) presented real life climate change situations where students were allowed to compete for 

workable solutions. The experiment had the benefits of developing the studentsô interests on causes of, consequences of and 

their proffered solution to climate change.   

   

Table 7: Perception on Aspects of Climate Change to be studied by Respondents  

Department Educational Freq 

(%) 

Adaptation Freq  

(%) 

Mitigation  

Freq (%) 

Total 

Freq (%) 

Medicine & Surgery 96 (32.0) 16 (5.3) 70 (23.3) 182 (60.7) 

    

Physiotherapy 16 (5.3) 4 (1.3) 3 (1.0) 23 (7.7) 

    

Dental Surgery 13 ()4.3 5 (2.3) 7 (0.3) 25 (8.3) 

    

Physiology 9 (3.0) 5 (1.7) 5 (1.7) 19(6.3) 

    

Human Nutrition 3 (1.0) 6 (2.0) 8 (2.7) 17 (5.7) 

    

Biochemistry 7 (2.3) 4(1.3) 10 (3.3) 21(7.0) 

    

Nursing 5 (1.7) 4 (1.3) 4 (1.3) 13 (4.3) 

    

Total 149(48.7%) 133(44.3%) 15(6.0%) 300(100%) 

 

Factor Responsible for Climate Change  

From Table 8 below, deforestation (36.4%) followed by gases released (26.0%) into the atmosphere as well as anthropogenic 

activities (19.4%) were the major factors submitted by the respondents as being responsible for climate change. This is evident 

in the areas of forested lands available as at two decades ago compared to the status quo. Also, human activities affecting the 

environment are not encouraging despite the many propaganda on sanitation, health issues and clean environment among 

others.  

Gone are the days when climate change was blamed on volcanic eruptions and solar heat changes (National Academy of 

Science, 2020). According to Lehtonen et al (2018), human activity is the most important factor determining our future.  

Although various activities such as flooding, urban settlement were noted by the respondents to be responsible for climate 

change, majority agreed that deforestation was responsible for climate change. Deforestation by humans is the major factor 

responsible for climate change and it keeps increasing geometrically. This is in line with the submission of the IPCC (2013) 

working group that past records showing that climate varied naturally over a wide range of time scales, does not explain the 

observed warming since the 1950s, as the over 95% human activities being the dominant cause of that warming. Afforestation, 

clean energy, reduced carbon emissions are some of the ways to stop its effect; hence, people should be sensitized in these 

aspects. 
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Table 8: Factor Responsible for Climate Change 

Departments Deforestation 

 

(%) 

Human 

activities 

(%) 

Gases 

effect 

(%) 

Weather 

condition 

  (%) 

Flooding 

 

(%) 

Urban 

settlement 

(%) 

Total 

 

(%) 

        

Medicine  Surgery 63 (21.0) 

 

39 (13.0) 

 

49(16.3) 

 

  7 (2.3) 

 

14 (4.7) 

 

10(3.3) 

 

182 (60.7) 

 

Physiotherapy 14 (4.7) 

 

2(.7) 

 

6(2.0) 

 

1(3) 

. 

- - 23(7.7) 

 

Dental Surgery 8(2.7) 

 

6(2.0) 

 

6(2.0) 

 

1(3) 

. 

- 4(1.3) 

 

25(8.3) 

 

Physiology 9(3.0) 

 

5(1.7) 

 

4(1.3) 

 

1(3) 

. 

- - 19(6.3) 

 

Human nutrition 7(2.3) 

 

2(7) 

. 

5(1.7) 

 

1(.3) 

 

1(3) 

. 

1(.3) 

 

17(5.7) 

 

Biochemistry 8(2.7) 4(1.3) 8(2.7) 1(3) - - 21(7.0) 

Nursing 6(2.0) 1(0.3) 5(1.7) 1(0.3) - - 13(4.3) 

Total 115 (38.3) 59 (19.7) 83(27.7) 13 (4.3) 15 (5.0) 15 (5.0) 300(100.0) 

 

Conclusion 

This study was carried out to assess the perception level of climate change among the medical students of the University College 

Hospital. From the study, it can be inferred that the level of perception of the respondents is low; probably due to the lack of basic 

courses related to climate change.  Moreover, the causal factors, problems associated with climate change were not new to the 

students as information on all these is readily available on the internet. The introduction of climate change studies in universities 

has a fundamental role in helping the general public, especially the next generations, to recognize the global challenges of climate 

change and to find ways of adapting to the changing climate. 
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Abstract 

The climate change as a phenomenon that portrays abnormal variations in the expected climate of an area at particular period of 

time has been found to be connected with issues on insecurity in Nigeria. Flood, drought, desertification as resultant effects of 

climate change have led to violence, herders and farmers conflicts and food insecurity. This paper reviews the concept of climate 

change and insecurity in Nigeria. The main causes of climate change: population increase, urbanization, industrialization, 

deforestation and their effects are discussed. Adaptation and mitigation strategies in combating climate change and insecurity 

were looked into as well as the significant roles of forest in mitigating climate change. It is concluded that climate change 

adaptation and mitigation strategies as well appropriate forest management could be a right step in the right directions in 

safeguarding the menace.  

 

Keywords: Anthropogenic activities, Adaptation, Mitigation, Amelioration, Forestry 

 

 

Introduction  

Globally, the concept on climate change is no more a news to deliberate upon. It has become  issues in the present times with 

manifestation  of variations in different climatic elements such as cloud cover, precipitation, temperature, humidity, sea and other 

water bodies levels, wind, light intensity and vapour pressure (Ministry of Environment of the Federal Republic of Nigeria 

(MOEFRN, 2003). Climate change was viewed by The Intergovernmental Panel on Climate Change IPCC (2007), as statistically 

significant differences in either mean values of the climate or in its variation over a long period of time, (typically for decades or 

longer). The United States Environmental Protection Agency (USEPA, 2020) defined climate change as any long-term conspicuous 

changes in the expected average weather of any place over an appropriate period of time. Invariably, climate change portrays 

abnormal variations in the expected climate of a region. According to Haider (2019), there is existence of changes in climatic 

conditions in Nigeria. This changes in countryôs climatic conditions are evident in; increase in temperature; inconsistent rainfall 

pattern; rising in sea level, frequent flooding, elongated drought, desert encroachment and land degradation. All these harsh 

weather conditions thereby leads to negative effects on fresh water resources, loss of biodiversity, disappearance of grazing land, 

loss of agricultural land, increase in livestock diseases which all resulted in food insecurity (Haider, 2019). As a result of all 

consequences of climate change, there was hunger, increased unemployment, conflicts among herders and farmers, cattle hustling 

and insurgency.  United State Geological Survey (USGS, 2020) reported that climate change is caused by several factors. These 

factors are both natural and anthropogenic but basically by the later, and the main route out of the ugly occurrence is forestry via 

different programmes such as afforestation, reforestation, agroforestry practices and enrichment planting  

Causes of Climate Change and their effects on insecurity 

Anthropogenic activity is the major global cause of climate change over the last few decades aside from natural cause (IPCC, 

2007). The natural causes of climate change consist of volcanic eruptions and solar activities, while human activity in Nigeria as it 

is obtainable in several regions of the world has been a major cause for the buildup of greenhouse gases (GHGs). Carbon dioxide 

(CO2) is one of the main greenhouse gases and contributors to the greenhouse effect. When fossil fuels like coal, oil and gas are 

burnt, they release greenhouse gases (Haider, 2019). Anyadike, (2009) reported that human activities which involve energy 

combustion as  it occurs in generation of warmth in homes and building via heating, use of fuels (in cars, bus, train or plane), water 

treatment towards provision of portable water, manufacturing process, refrigeration, gas flaring and bush burning emitted carbon 

dioxide  into the atmosphere. Since the industrial revolution as far back as 18th century, there has been sporadic increase in the 

amount of CO2 that are released into the atmosphere, the estimate of which has attained 35%. Nigeria is reported to be among 

countries that emits highest greenhouse gases in Africa most especial with the Niger Delta region of the country alone having more 

than 123 gas flaring (FAO, 2012). The resultant effects of degrading the environment especially in the coastal region have rendered 

many youths jobless and made them to become members of militant groups and kidnappers. 

Deforestation 

This is a situation, where forests are indiscriminately felled without replacement. It is one of the major cause of climate change and 

accounts for 20 percent of the worldôs carbon emissions (more than what the entire transport sector produces) (IPCC, 2007). When 

trees are indiscriminately cut, there are fewer trees left to absorb CO2, and then it will build up in the atmosphere. With deforestation, 

GHGs such as carbon-dioxide, carbon-monoxide, methane, nitrous oxide, are released, offsetting the natural balance immensely, 

consequently contributing to global warming (Moutinho and Schwartzman, 2005). According to the FAO (2008), Nigeria ranks 

first among ten countries with the highest rate of deforestation in the world in succession during the 1990-2000 and 2000-2010. In 
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the period between 1990 and 2010 in Nigeria, about 3,3% annual rate of deforestation was reported as the forest cover reduced to 

about 10% of its total land area (FAO 2012). With this decrease in the forest, desertification is ushered into the land. Thus, several 

people sought where environment is conducive for inhabitant, farming and grazing. Then conflicts erupt over limited resources. 

Human Population Increase and impacts on climate change and insecurity 

As the worldôs population grows, there are more people who need food, livestock and energy. 

In the year 2012, the estimated population of Nigeria was 170.1million and it was projected to rise to 402.4million by 2050 ( 

USAID, 2012). This will eventually have corollary increase in deforestation for agricultural land, residential buildings and 

manufacturing companies which will consequently contribute to the emission of carbon and other lethal substances to the 

environment. Mainly, population increase aggravates urbanization and industrialization which are main causes of changes in 

climate (Ausbel et al., 2004). The population upsurge has led to raising of different people of different characters; many are 

indolent, fraudulent, greedy, self centered, domineering and violent. With all these callous attitude, terrorism emerged among 

human race 

 

Effects of Climate Change on economy  

Generally, Nigeria is predisposed to severe negative effects of climate change due to its fragile economy, weak resilience and low 

adaptive capacity. Much of the sensitive economic resources are dependent on climate. For instance, over 70% of the workforce in 

Nigeria are employed  in forestry, agriculture and aquaculture sectors. (FAO, 2012). The heavy concentration of GDP generating 

industry in locations that are highly vulnerable to climate change - induced sea level rise, e.g. Lagos and the Niger Delta makes the 

country extremely vulnerable. The 2011 Climate Change Vulnerability Index (CCVI) published by the UK - based risk company, 

Maplecroft, classifies Nigeria as one of the counties that are on the high risk list failing economy (FGN, 2012). This could be 

ascribed to the fact that the more the harsh climatic condition, the lower the agricultural crops yield which in turn has significant 

influence on the generality of the countryôs  economy. (FAO, 2012). 

 

Effects of Climate Change on Crop Yields 

Higher CO2 levels affect crop yields. Some studies suggest that elevated CO2 levels can increase plant growth.  However, other 

factors that affect plant growth and development such as moisture, temperature and nutrient can counteract these potential increases 

in yield if they are insufficient or provided in excess. Harsh climatic conditions have also been found to enhancing several pest and 

diseases as well as parasites that seriously affect livestock production and crop yields.  (Ausbel et al., 2004). 

Climate Change and Security of Nigeria Populace 

Insecurity is defined as an absence of protection or safety. It entails peril, death trap, ambiguity, dearth of fortification and lack of 

security. Insecurity could be a state of being prone or vulnerable to danger or threat of danger. The state of worry as a result of 

inadequate security measures can also be regarded as insecurity (Achumba et al., 2013). Beland (2005), defines insecurity as a 

state of fear or anxiety stemming from a concrete or alleged lack of production. It is a lack of or inadequacy of freedom from 

danger. This definition shows insecurity that can be felt directly and it is directly linked to other tourist security including, 

economic, social psychological, and so on. Insecurity can also be seen as a situation whereby one is being subject to all forms of 

dangers of both natural and human activities towards society or individuals. It is the anxiety that one experience when one feels 

vulnerable, insecurity and lack of confidence. More so, failure of institutions to play their roles that brings about dysfunction in 

society is described as insecurity (Achumba et al., 2013). 

Human security according to the United Nations ñis a people-centred notion of security that seeks to integrate the various 

determinants of well-being such as economic, food, health, environment, personal, community and political security.ò There are 

several studies that have established that climate change has adversely affected serene human existence in several regions of the 

world (Kelechi et al., 2021). According to Human Security Network (1999) ñbuilding human security is essential for the 

establishment of a humane world where citizens can enjoy  a life that is secured with dignity free from poverty, despair and fear of 

want.ò The United Nations categorized human security in terms of acute risks from sudden disruptions such as natural disasters 

and chronic threats such as disease, hunger and conflict (Kelechi et al., 2021). 

 

The achievement of national and conventional security architecture cannot be realizable without reference to human security. 

Human security is complementary to national security in the same way that national security complements international security 

(Kelechi et al., 2021). This approach, according to the resolution calls for people-centeredness (HSN, 1999). Therefore, the 

appraisal of climate change effect on national and international security can be better understood from human security approach. 

Climate change constitutes an emerging threat to human security in Nigeria (Kelechi et al., 2021). The phenomenon through its 

various manifestations has precipitated violent conflicts thereby disrupting public safety and stability. Idumah et al. (2016) noted 

that vagaries in climatic conditions occasioned by climate change has decreased agricultural productivity prospects and has resulted 

to increasing aridity of pasture areas in parts on northern Nigeria thereby forcing the pastoralists down south and pitching them 

against local farmers in the south as they compete for scarce resources in their locality. According to HSN (1999), climate change 

affects human security by reducing access to notable and valuable natural resources and in turn negating the security apparatus that 

could promote human security.ò Flood, drought. Land degradation, and desertification have led to population displacement and 

loss of farmland, then food shortage. Based on the fact that ñan hungry man is an angry manò The condition has led to violence, 

conflicts and insurgency in parts of Nigeria. Climate change has been reported as the major cause of farmer-herder conflicts in 
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parts of Nigeria (Oladele, 2010; Odo, 2012; Folami, 2013; Adishi and Oluka, 2018). The loss of loss of grazing fields as result of 

degraded  land in the Northern part of the country has influenced the movement of pastoralists to the South and the major 

consequences of this migration pattern is the incessant violent clashes farmer in the host communities and herders. The persistent 

drought in the Sudan, Sahel savannah areas being one of the major effects of climate change has forced many pastoralists out of 

the region towards the guinea savannah and rain forest areas of Nigeria ecological zones.. This has resulted to increased pressure 

on lands in these areas. The herdsmen and their flocks often destroyed a vast area of farmland in quest for water and forage, this 

always bring them in conflict with local farmers. The ugly scenario of farmers-herdsmen conflicts have been a recurring incident 

in the middle belt region and parts of southern Nigeria (Oladele, 2010; Odo, 2012; Folami, 2013).  

 

Climate Change Adaptation and Mitigation; the way out 

Climate Change Adaptation  

Adaptation involves responding to the changes induced by climate change. It involves all steps taken towards adjustment to real or 

unexpected changes in climate and their effects (IPCC, 2007). Itôs all about practicing what we can to live with changes in the 

climate and reduce to the barest minimum the negative effects that resulted from climate change. Adaptation can be reactive or 

anticipatory. Where possible, anticipatory actions will provide the most cost-effective response to reduce risk (Anyadike, 2009). 

Various climate change adaptations cut across different sectors, from coastal and urban area management, natural resources 

management to agricultural and many more. Some strategies are:  

ü Improved engineering measure such as construction of  drainage channels, elevation of infrastructure couple with 

abstinence from building along water ways.  

ü Reducing and recycling water use due to drought.  

ü Using prescribed fires to prevent uncontrollable wildfires.  

ü Developing of improved varieties of crops such as drought/flood-tolerant crops  

 

Climate Change Mitigation 

Mitigation involves the reduction in emissions of any greenhouse gases that contribute to climate change. Carbon dioxide is the 

most considered gas among other ones in several programmes of climate change, as is in the case with carbon offset programmes. 

However, methane (CH4), Ozone (O3), Nitrous Oxide (N2O), Chloro-Fluoro-Carbons (CFCs) contributes to climate change much 

more than carbon dioxide (Moutinho and Schwartzman, 2005). In a climate context, IPCC (2007) describes mitigation as human 

efforts in reducing sources/causes or enhance the sequestration of greenhouse gases in any.  In practice, mitigation activities can 

be carried in many ways such as:  

ü Use of  renewable energies such as solar, wind, and geothermal in place of fossil fuels 

ü Replacing traditional internal-combustion vehicles with electric options (ideally charged with renewable energy).  

ü Planting trees and conservation of forest estates of more to enhance storage of more CO2 from the environment.  

 

The Significance of Forest on Climate Change  

An area of land that covered by appropriate number of trees per unit area is referred to as forest.  According to FAO (2012), a forest 

is described as ñA land area that is over half (0.5) of an hectare with woody perennials/trees with height higher than 5 meters and 

canopy covering more than 10 percent.ò This is with stern exception of land that is predominantly under agricultural or urban 

use. The existence and survival of all living beings rest on the forests. They are important to our life as they provide oxygen, food, 

shelter, fuel, and means of livelihood for the tribal people living in and around the forested area. Forests serve as habitat to 80% of 

the global terrestrial and arboreal biodiversity and are the source that fulfills all basic needs for adjacent human settlements 

especially on climatic amelioration (FAO, 2012). Therefore, the management of forest is very essential. However, managing forests 

in response to climate change is just one component of the broad and complex task of sustainable natural resource management. 

Appropriate management activities can produce healthy and sustainable forests to help offset impacts of climate change (Haider, 

2019). 

  

Carbon dioxide is utilized by the green plants through the process called photosynthesis. These plants thereby store carbon in the 

form of wood and vegetation otherwise known as biomass in the process called carbon sequestration (IPCC, 2000). It has been by 

found that carbon constitutes 20 per cent of total dry weight of trees and the overall biomass of forests also acts as a carbon sink 

(IPCC, 2001). However, Destruction of forests through deforestation or fire adds billions of tonnes of carbon into the environment 

each year (IPCC, 1997). Therefore, in attempt to combat global warming and conserve the environment, there must be increase in 

the storage of carbon and the stored ones must be prevented from being released to the environment.  

Several studies have found that wood products that are gotten from harvested timber serve as potential carbon repository. The 

longevity of the carbon stored in the wood products is subjective to kind of forest produce. For instance, it could be less than a year 

for fuel wood and many decades or centuries for lumber (IPCC, 2001). In summary, the participation of forests in climate change 

according to IPCC (2000) can therefore be categorized into three: 

V they are carbon pools 

V they release CO2 into the environment during bush burning and other natural or human disturbances. 

V  they serve as  CO2  storage with their developed biomass. 
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Methods to mitigate Climate Change through Afforestation 

Increasing afforestation 

An option to continue to increase CO2 absorption is to plant new forests. The rate of carbon accumulation, and the maximum at 

maturity, will depend on the species, site and management system used. Depending on the objectives and constraints of each 

situation, trees may be planted in farm forestry systems (e.g. shelterbelts) or in continuous blocks, in a single year or over successive 

years. Each system will have different characteristics as a sink and reservoir. Managing forests to store carbon 

There are several ways to increase a forest's carbon sink (the rate at which carbon is sequestered or absorbed from the air and turned 

into carbon in a plant) or reservoir (its capacity to store carbon). Increasing the rotation age allows the trees more time to grow and 

increases the carbon reservoir in the mature forest. A change in forest management may also increase carbon storage potential, for 

example a regime with no thinning or pruning may contain more carbon than a more intensive regime (IPCC, 2007). 

It is possible to retain a forest as a carbon reservoir and not harvest it. Some species are more suited to this than others. If the trees 

are not harvested, the carbon content will not increase past a given point. However, if they are harvested they may be turned into 

wood products, and could thus extend the time before the carbon is released back to the atmosphere (IPCC, 2001). 

Saving forest from being criminalôs hideout 

It is an established fact that the most valuable roles of forest cannot be substituted as regards to its provision of goods and services. 

Though, many forest reserves in many parts of globe especially in Nigeria have bastardized, many have been degraded while several 

exiting ones have been converted to the den of men of underworld; arm robbers, kidnappers, drug barons, terrorists and bandits. 

The existence of these ganglands is not enough to wipe out forest estates. Therefore the following measures can be put in place to 

take over forests from criminals: 

¶ Continuous monitoring of forest activities with the use of satellite-based solutions as well as drones or small aircraft  

¶ Periodic management of forest resources. The following aspects of forest management should be considered: 

(i) Survey of forest, 

(ii) Compartmentalization of forest. 

(iii)  Economic use of forest, 

(iv) Administrative setting for forest management, 

(v) Training programmes for persons engaged in forest management and conservation activities, 

(vi) Use of forest land as tourist centers, 

(vii) Social and agro-forestry, 

(viii) Development of new techniques for the management and conservation of forests, 

(ix) Research for efficient use and conservation of forest, and 

(x) Policy decisions and their proper implementation. 

¶  Employment of more forest guards with optimum military training. 

¶ Relocation of military cantonment to most of volatile forests 

¶ Training and empowerment of rural/forest area based vigilante.  

¶ Stringent security measures at borders.  

 

Conclusions 

Climate change is real and it has adversely affected serene human existence in many parts of the world. One of its consequential 

effects is insecurity in Nigeria, irregular rainfall patterns; flood, drought and desertification have led to food insecurity, incessant 

violence, conflicts and insurgency. Climate change adaptation and mitigation strategies as well appropriate forest management 

could be a right step in the right directions in safeguard the menace.  
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Abstract 

Insecurity has posed a very serious problem in Nigeria recently and these have in one way or the other affected the livelihoods of 

communities surrounding forest reserves. This study looked at the contributions of NTFPs species to the livelihood of Mokwa rural 

people, determine the types of NTFPs exploited and their roles in the lives of the communities and also determine the security 

challenges faced by the Mokwa rural people while collecting NTFPs. Data were collected using structured questionnaire and oral 

interviews to acquire information from sampled members of the Mokwa LGA communities. The data was analyzed using descriptive 

statistics (tables and charts). The findings from this study inserted that NTFPs is abundant in the study area and are found in all 

the forest land areas within the communities. NTFPs collection for utilization is usually carried out throughout the year. The 

number of households involved in the collection of NTFPs was highest in the Jaôagi community (95%), while only (28%) households 

were involved in Mokwa town. The chi-square test revealed that there were high significant differences (P< 0.05) between the 

number of respondents involved in the collection and non-collection of NTFPs in Mokwa LGA. Twenty (20) plants by-products and 

fruits were the major types of NTFPs being collected. About 50% respondents agreed that banditry is affecting their daily activities 

and scaring them from entering the forest. It is therefore, recommended that Government should improve the security networking 

system in order to checkmate the activities of herders/ bandit in the area. 

 

Keywords: Non-Timber Forest Products, Livelihood, Humans, Insecurity. Mokwa. 

 

 

Introduction  

Non-timber forest products (NTFPs) are biological resources other than timber which are extracted from either natural or managed. 

Examples of plant products include fruits, nuts, oil seeds, latex, resins, gums, medicinal plants, spices, dyes, ornamental plants, and 

raw materials such as firewood, bamboo and rattan (Chassot, 2003; Bhattarai et al. 2006). NTFPs are instrumental in conservation, 

rural livelihoods and poverty reduction (Banjade and Paudel 

2008). NTFPs provide a low-cost survival system, foods and medicine, so the importance of NTFPs cannot be over stated (Bhattarai 

et al. 2006).  NTFPs have a potential to play a vital role in reducing seasonal and long-term malnutrition and food insecurity.  

Insecurity is the greatest problem that affects forest product utilization in Nigeria today. Insecurity arising from herdsmen banditry 

activity, Boko Haram and ISWAP insurgency in the northern part of the country including Niger state is a very big challenge facing 

the protection and utilization of the forest produce by the surrounding communities of a named reserve. Banditry is a type of 

organized crime committed by outlaws typically involving the threat or use of violence. A person who engages in banditry is known 

as a bandit and primarily commits crimes such as extortion, robbery, and murder, either as an individual or in groups. Bandits attack 

farm settlements, villages, highways resulting in kidnapping and cattle rustling in the region and these poses heavy security 

challenges to the nationôs forest. Generally banditry is undermining security, peace and development in Nigeriaôs northern region 

(Olaniyan, 2018). Hence affected communitiesô relies on local vigilantes for protection, while others arm themselves to resist 

attacks. 

 

Niger state communities are majorly farmers who cultivate yams, legumes, beans, millet, tomatoes, and rice in their farms located 

around the forest fringes. The extent to which the Niger State Plantation Forest Mokwa is able to meet the natural resources need 

of the Mokwa rural populace at this period of insecurity is not known yet. There is therefore the need to compile, synthesis of 

information on the utilization of NTFPs in the area. Adequate information about the rural communitiesô interaction with the forest 

is an important tool for the development of sustainable forest programme, which will enhance the livelihood of the people. The 

essence of this study is to provide in-depth information on the utilization of some NTFPs that can potentially alleviate poverty in 

the surrounding areas of Mokwa populace.  It will be useful for researchers, farmers, as well as entrepreneurs and traders as it will 

give an insight on the market-trend on these NTFPs. The objectives of the study includes to: ascertain the proportion of humans 

involved in the collection of NTFPs in the study area, determine the types of NTFPs collected, to determine the actual contribution 

of NTFPs species to the livelihood of Mokwa rural populace and examine the extent to which  insecurity has limited or enhanced 

trading in these products. 
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Materials and method 

The study area                          

Mokwa Local Government Area lies within Latitude 7ô3 and 9ô12 and Longitude 5ô2ô and 9ô36ôE. it shares borders with Moro 

Local Government Area in Kwara state, Borgu, Lavun, Agale, Kacha and Mashegu Local Government Area of Niger State. The 

people are predominantly Nupe who are mainly peasant farmers, fishermen and cattle rearers. The population is approximately 

244,937, (lga, 2011). 

 

Data Collection Techniques 

Data were collected using structured questionnaire and oral interviews to acquire information from sampled members of the 

communitiesô in Mokwa Local Government Area. Personal interview and direct observation was carried out. 160 structured 

questionnaires were administered randomly to respondents in 4 selected communities in Mokwa Local Government Area namely; 

Mokwa central, Kpaki, Kudu and Jaôagi. While 40 questionnaires were administered in each community and this was used to elicit 

information on the uses of NTFPs in the study area. A period of three months was used for data collection. The study was conducted 

between January and July 2015. 

Data analysis  

Descriptive statistics was used to analyze the data obtained. The statistics include; - tables, charts and percentages as well as the 

chi-square test. 

 

Result and discussion 

The findings from this work revealed that NTFPs is abundant in the study area and are found in all the forest land areas within the 

communities. Collection for utilization is usually carried out throughout the year. Male and females were involved in the collection 

of NTFPs, with the number of female (57.5%) being higher than the male (42.5%). 

 

  
Fig.1. Age of the respondents (%) 

 

The age of the respondents were classified into three categories. Young 10-20, middle age 21-30, elderly age 41years and above. 

Among all respondents, the middle age accounted for higher percentage of representation in both working and elder age groups 

having (42.5%). Overall mean age of all the respondent was 21 ï 30 years. The majority of respondents were from the working age 

group. 

 

Education: 

The education of respondents was categorized into two groups: literate and, illiterate. Majority of the respondents are educated up 

to tertiary school level with the highest frequency of respondents (87.5%) having obtained certificate in education at National 

Diploma or National Certificate of Education level. Only few respondents were found to be illiterate, who did not have the 

opportunity of going to school and group includes the elderly people. Jaôagi had the highest percentage of educated respondents 

(23.75%), while Kpaki with (18.75%) has the least. Similarly Kpaki had the highest percentage of illiterate (6.25%), while Jagi 

(5%) had the least percentage in both illiterate categories. Overall literate and illiterate percentages of all total sampled households 

were (87.5%) and (12.5%) respectively. The chi-square test showed that there were significant differences between literate and 

ill iterate respondents among the Mokwa town, Kpaki, Kudu and Jaôagi (table 1). 
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Table 1: Education of respondentsô% 

Communities Literate Illiterate ɢ 2 Df P 

Mokwa town 36 (22.5%) 4 (2.5%)  8.2286 3 *( P< 0.05) 

Kpaki  30(18.75%) 10(6.25%)     

Kudu  36(22.5%) 4(2.5%)     

Jaôagi 38(23.75%) 2(1.25%)     

Total  140(87.5%) 20(12.5%)     

Source: Field Survey, 2015 (ɢ2 = Chi Square; df = degrees of freedom); (N = 160) 

 

Occupation 

Respondentôs occupation was categorized into four groups namely, Farming, trading, employment in government organizations 

and students. Faming is the major occupation of the communities, while other activities are considered secondary. From the 

response students are the majority (33%) being the highest while those who take farming as the only occupation (17%) are the 

lowest. Nineteen percentage of the respondents were employed at government services and these fall under the literate members of 

the communities, followed by trading (31%), Fig.2. 

 

 
Fig. 2. Occupational of the respondents (%) 

 

NTFPs collection  

Table 2 shows the involvement of respondents in NTFPs collection%. The result showed that the number of households involved 

in the collection of NTFPs was highest in the Jaôagi with (95%) households being involved, whereas for Mokwa town only (28%) 

are involved. The total number of households involved in NTFPs collection in all the four communities was (80%). The chi-square 

test revealed that there were high significant differences between the number of respondents involved in the collection and not-

collection of NTFPs in Mokwa LGA. 

 

Table 2: Involvement of respondents in NTFPs collection% 

Communities   Collection   Not collected Total  ɢ 2 Df P 

Kudu  30 (75%) 10(25%) 40  8.75   3  * (P< 0.05) 

Kpaki  32(80%) 8(20%) 40     

Mokwa town 28(70%) 12(30%) 40     

Jaôagi  38(95%) 2(5%) 40     

Total  128(80%) 32(20%) 160     

(Source: Field survey, 2015); (ɢ2=chi square; df = degrees of freedom); [N = 160] 
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Table 3 shows the number of women and household involved in NTFPs collection, The table showed that the number of women 

involved in NTFPs collection was higher from the Kpaki community having (60%) than the other three communities, while in 

Mokwa town the whole household involvement is higher with (90%) respondents being involved, and the chi-square test revealed 

that there was a highly significant difference between the number of women and the whole household ôs involvement in NTFPs 

collection among all the communities. 

 

Table 3: Women and Household involved in NTFPs collection% 

Communities Women only  

 

Whole 

household 

Total  ɢ 2 Df P 

Mokwa town 4(10%) 36(90%) 40 31.453 3 *** (P<=0.001)  

Kpaki  24(60%) 16(40%) 40     

Kudu  18(45%) 22(55%) 40     

Jaôagi 6(15%) 34(85%) 40     

Total  52(32.5%) 108(67.5%) 160     

(Source: Field survey, 2015); (ɢ2=chi square; df = degrees of freedom); [N = 160] 

 

Fig. 3 shows the places where the NTFPs are collected, the result shows that the rural people   collect the non timber forest products 

in the forest surrounding the government established forest reserve having (50%) response being the highest, while (13%) 

respondents gathered the non timber forest product from the forest within the forest reserve being the lowest.  The collection is 

usually on a part time basis. 

Table 4. shows the major types of NTFPs collected and their status in the study area. The result showed that 20 plants by- product 

and fruits are being collected for direct consumption and for other uses, while many of these plants are still highly abundant in the 

area. 

 

 
Fig. 3. Places were the NTFPs are collected 

 

 

Table 4: Major types of NTFPs collected and their status in Mokwa LGA. 
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Plant: Scientific name  

Common name 

Consume  Use for other 

purpose 

Availability 

 

1 

Detarium macrocarpum Ham 

(tree) 

Tauraa x X Abundant 

 

2 

Adansonia digitata Linn Baobab, kuka, oshe x X Abundant 

3 Elies guinesis Palm tree x X Scarce 

4 Annona senegalensis Wild custard apple, 

Grandar -daajii, 
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5 Phoenix dactylifera  Date palm  X Scarce 

6 Azadirachta indica Neem tree  X Abundant 

7 Anogeissus leiocarpus Marike   X Abundant 

8 Mangifera indica Mango  x X Abundant 

9 Bombax costatum Kurya, gurjiya  X Abundant 

10 Piliostigma thonnigii Kalgo x X Abundant 

11 Cochlospermum planchoni Zunzuna x X Abundant 

12 Eucalyptus regnans Eucalyptus  X Abundant 

13 Afzelia africana Sm  Kawo x X Abundant 

14 Grewia mollis 

 

Dargaji  X Abundant 

15 Pakia biglobosa (jacq.) R.Br.  Dooroowa locust bean x X Abundant 

16 Tamarindus indica Tsamiya x X Abundant 

17 Vitellaria paradoxa Gaertn.F Shea butter tree, Kadanya x X Abundant 

18 Tectona grandis  

 

Teak  X Abundant 

19 Gmelina arborea 

 

Gmelina  X Abundant 

20 Bamboo (Poaceae family) Bamboo  X Abundant 

 Total   10 20  

(Source: Field survey, 2015) 

 

Usages of NTFPs species 

NTFP species such as edible plants and medicinal plants have been regularly utilized in daily livelihood in Mokwa LGA. Edible 

plants parts were consumed with daily meals whereas medicinal plants were used for primary health care at household whenever 

necessary and also for trading to make money Peters et al. (1989). The daily meal taken by households are mostly supplemented 

with wild edible plants parts such as the tender leaves of the Adansonia digitata  which are used as vegetable in preparing soup and 

sauces. These edible plants are being utilized in daily livelihood to mitigate the problem of food deficit, and nutritional demand. 

Burlingame (2000) asserted wild edible foods are nutritionally superior even to cultivated vegetables. Also in some regions, wild 

edible foods can be the main source of food (Sundriyal et al., 2003), and medicine (Chassot, 2003; Bhattarai et al. 2006).Wild 

animals including, small antelopes, francolin, rabbit, guinea fowl, tortoise, pigeon, and monitor lizards are also collected and used 

as for or sale to generate income for the household.  

Table 5 shows list of NTFP species and their uses in Mokwa LGA, The study found that 20 different NTFPs species have been 

consumed and utilized in everyday livelihood as wild edible, medicinal and other plants. 10 NTFPs species were found to be wild 

edible plants. Most NTFPs species were medicinal plants, and most plants act as supplements in everyday meal as vegetables and 

curries. The study revealed that NTFPs are consumed throughout the year as per seasonal availability. 

 

Table 5: List of NTFPs species and their Uses in Mokwa LGA. 

S /No Scientific name Common name Uses  

1 Detarium 

macrocarpum Ham 

(tree) 

Tauraa  

The ripe fruits are eaten by man 

The leaves are cooked and use as steam bath against fever 

2 Adansonia digitata 

Linn 

Baobab, kuka, 

oshe 

Young leaves are use as vegetable in preparing soup and sauces. 

Young leaves are dried very well, then ground and added to hot pap, drunk 

to cure diabetics, cough and asthma.  

Ash from the burnt wood is use as fertilizer and in making soap. 

Fruits are eaten by goat. 

3 Elies guinesis Palm tree Oil is use in cooking and frying food stuffs, Palm front use in making 

broom, root burnt and use in making soap. 

4 Annona senegalensis Wild custard 

apple, Grandar -

daajii, 

Root or Leaves are boiled, then drunk to cure diarrhea, and venereal 

diseases 

The mature fruit is edible, and is eaten by primates and human 

5 Phoenix dactylifera  Date palm Palm front use in making local hart and hand fan 
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S /No Scientific name Common name Uses  

6 Azadirachta indica Neem tree Leaves, stem, bark use to treat malaria 

7 Anogeissus 

leiocarpus 

Marike  Leaves are boiled, cool and drink to cure or prevent malaria. The plant is 

use as chew-stick 

8 Mangifera indica  Plant is use in constructing house. The mature fruit is edible, and is eaten 

by man 

 

9 Bombax costatum Kurya, gurjiya The wood is use for making articles-chairs 

Fruit contains white floss use for stuffing mattress , Barks boil and drink 

to prevent and cure pile 

10 Piliostigma thonnigii Kalgo Young leaves chew and the fluid use to treat fresh cut/ wound 

11 Cochlospermum 

planchoni 

Zunzuna Root soaks in water and drunk to cure yellow fever/malaria 

Roots pounded sieved and use to colour soup, The plant is also use to 

make rope 

12 Eucalyptus regnans Eucalyptus Use as pole, building, firewood, 

13 Afzelia africana Sm  Kawo Leaves  use to feed cattle; Seeds are grounded and used in thickening soup 

by man 

14 Grewia mollis 

 

 

Dargaji 

 

The ripe fruits are edible 

15 Pakia biglobosa 

(jacq.) R.Br.  

Dooroowa locust 

bean 

The fruit is prepared as spices for seasoning food; The root is cooked with 

little potash and drunk to cure stomach ache 

16 Tamarindus indica Tsamiya Fruits are soak in water and drink to prevent malaria and cure body pains 

17 Vitellaria paradoxa 

Gaertn.F 

Shea butter tree, 

Kadanya 

Oil is used in cooking and fraying, Root and Bark are soaked in water, 

drink daily to treat west paid and venereal diseases. 

The fruits are edible 

18 Tectona grandis  

 

Teak Use as pole, firewood, leaves use in rapping food stuffs 

19 Gmelina arborea Gmelina Use: building, firewood, leaves use in rapping food stuffs 

20 Bamboo (Poaceae 

family) 

Bamboo Use in construction of building, furniture, canes, fishing rods 

(Source: Field survey, 2015) 

 

Table 6, showed the rate NTFPs are consumed and use for other purpose%,  in Jaôagi (80%) respondents use NTFPs for other 

purpose, while  only (20%) consumed NTFPs directly. The chi-square test shows that there is no significant difference between 

NTFPs consumed directly as food and those utilized for purposes other than food in all the communities. 

  

Table 6: NTFPs Consumed and use for other purpose% 

Communities Consumed Use for other 

purpose 

Total  ɢ2 Df P 

Kudu  15 (37.5%) 25 (62.5%) 40 3.3082 3  (P>0.05) 

Kpaki  10(25%) 30(75%) 40     

Mokwa central 12(30%) 28(70%) 40    

Jaôagi 8(20%) 32(80%) 40     

Total  45(28%) 115(72%) 160     

(Source: Field survey, 2015); (ɢ2=chi square; df = degrees of freedom); [N = 160] 
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Fig. 4. The reasons for collecting NTFPs (%) 

 

The fig. 4 showed the reasons for collecting NTFPs (%). The finding indicated that majority of the respondents collects NTFPs for 

food purposes (50%) being the highest, while (23%) collects it for medicinal purpose. This indicated that high demands are being 

placed on NTFPs in the forest/ woodlands around. This agreed with Bhattarai et al. (2006) report that the Non Timber Forest 

Products (NTFPs) are one of the important natural resources of which majority of the rural people depends on them as a source of 

food, fodder, fiber, medicine, condiment, dye, and other useful materials. 

 

 
Fig 5. Income generated from the sale of NTFPs  per month(%)  

 

The fig.5 showed the income generated from the sale of NTFPs  in the study area. The study found that Mokwa LGA communities 

earned some money from the collection of NTFPs such as Pakia biglobosa, Mangifera indica and Vitellaria paradoxa. Average 

income of N 1000-2000 naira per month was realized at the household level in the area, this being enough to solve household needs 

for the day. This agrees with Olsen and Larsen (2003) report that in some rural hilly areas of Nepal, NTFPs contributes up to 50 

per cent of total annual family incomes. However, the number of households involved in the collection of NTFPs was high in 

Mokwa LGA communities but not all the NTFPs collected are being sold. The rural communities are highly dependent on a range 

of NTFPs for their subsistence needs which contribute a lot to their total annual family income (Olsen and Larsen 2003). The 

NTFPs therefore generate little income to the people, but continues utilization will reduce the forest and land resources in the area. 

For the reasons behind the depletion of NTFPs species were both over-collection and premature harvesting. As a result of food 

deficiency, people are under pressure to make money from NTFPs collection. There is also a competition among primary collectors 

to collect more NTFPs. In addition, traders sometimes encourage the primary collectors to collect more quantities, particularly of 

those species with a higher market demand, hence,  the availability of NTFPs species have been depleting day-by-day. There is a 
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need to educate rural communities on the sustainble collection of economically valuable NTFPs species because there is, an 

opportunity of income and employment generation through cultivation of economically valuable NTFPs species  

Table 7. show the major security challenges faced by the communities in Mokwa LGA. The result shows that herdsmen/ bandits 

are present in and around the forest in the area (46.88%) and that the rate of banditry across the communities is minimal having 

(75%) response. 

 

Table 7: Major Security Challenges Faced by the Communities in Mokwa LGA. 

S/No Challenge Yes % No% Undecided   

1 Do you see herdsmen/ bandits in 

and around the forest 

 

46.88 37.5 15.63  

2 Has any of your family member 

been confronted by bandits before 

 

18.75 56.25 25  

3 Is banditry affecting your daily 

activities 

 

50 37.5 12.5  

The  rate of banditry 

  Minimal  High  Very high  

1 How is the rate of banditry in your 

community 

 

75% 25 0  

Activities of bandits 

  Burning of 

houses 

Killing of some 

family members 

Kidnapping of men 

and women in the 

farm/ journey  

Destruction of farm crops  

1 What has bandit done in your area 

recently 

12.5 25 25 37.5 

Community response 

  Report to 

government 

authority 

Form community 

vigilantes for 

protection 

No action taken  Help government to 

make arrest 

1 What have your community 

done to stop banditry in your 

area 

18.75 43.75 25 12.5 

(Source: Field survey, 2015) 

 

From the findings bandits are present in the community, although moving about like every other community member , they are not 

easily identified from others because of their religious affiliations,however the local populace tend to know them but may not 

willingly point them out for fear of being attacked. If the bandits know through their informant the person that pin point them, that 

family is not safe. Mokwa is on a major highway with tight security personnel banditry is not common. Hence the communities 

still carry out normal daily activities including harvesting of NTFPs.  

   

Conclusion 

To supplement the low agricultural production in the rural areas of Niger state, the citizens of Mokwa has given due consideration 

to NTFPs as an effective means to enhance the economic benefits to rural people and to help in improving livelihood, household 

food security and nutrition. The study revealed that the utilization of the NTFPs by the communities helped to bring development 

to the communities. It was also recorded that the utilization helped to promote the image of the communities as it was noticed that 

companies as well as individuals from nearby towns and cities come to purchase these NTFPs from these communities, especially 

shea butter oil. The study also showed that the utilization of these NTFPs also boost the use of herbal medication among humans 

both in the local communities and urban areas. Insecurity have really affected collection and trading in NTFPs because roads are 

not secured for traders to easily move their products from one community to another. It is therefore, recommended that Government 

should as a matter of urgency improve the security networking system in order to checkmate the activities of these herders/ bandit 

and thereby ensure that the forests are safe for the rural communities to enter unhindered. 
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Abstract 

Climate change in the coming century is expected to be comparable to the last deglaciation's warming. Since then, there has been 

no other incident of such scale. The palaeoecological evidence of animals' responses to historical temperature change, particularly 

plants' responses, suggests that evolutionary adaptation played only a minor role and that migration is the most common reaction 

to climatic change. Individualism in response has significant consequences for changes in vegetation and ecosystems. Even if the 

greatest realized rates of migratory response by trees may match the maximum prospective rates, they are near to the utmost that 

such long-lived sessile animals are thought to be capable of. Climate change is expected to accelerate 10-100 times quicker in the 

future than it did during the last ice age. The likelihood of widespread extinction is high unless actions are done to promote 

organisms' migratory responses to predicted changes. Artificial dispersal of trees and other organisms with limited dispersal 

and/or migratory capacity, a broadening of the legal protection currently afforded to some threatened organisms only within 

designated reserves, and the integration of wildlife habitat requirements and wildlife corridors into human landscape usage are 

all likely to be required. Stringent measures to limit the extent of future climate change by limiting emissions of greenhouse gases will also 

be necessary if the possibility of widespread and even catastrophic extinction is to be avoided. 

 

Keywords: Tree, climate, extinction, habitat, vegetation 

 

 

Introduction  

Global system changes are not a new phenomenon; they have occurred throughout the history of the planet. A system of alternating 

glacial and interglacial conditions characterized the most recent Quaternary geological epoch (Zalasiewicz   et al., 2008, Huntley 

et al.,1991, Bridgland and Westaway 2008, Ruddiman and Raymo, 1988). The last glacial period ended at 10000 bp, according to 

Start and Prell (1984). Glacial conditions existed over much of the last 0-75 Ma (Huntley1991, Bridgland and Westaway 2008, 

Huntley, 1989), and it is thought that, absent human intervention, the world environment would return to glacial conditions within 

a few millennia at most (Huntley1991, Bridgland and Westaway 2008, Lamb, 1982). 

Human populations have increased enormously over the last two centuries, exploiting fossil fuel deposits, destroying ever wider 

areas of natural ecosystems, practicing more intense agriculture, and polluting their surroundings to levels that are only now 

becoming apparent (Schneider, 1989). Changes in the composition of the atmosphere caused by human activity have the potential 

to have the most devastating repercussions. During the last two centuries, the levels of a variety of so-called "greenhouse gases," 

both naturally occurring and those present only as presented by Pielke 1998, pollutants, have grown dramatically (Change et al 

2006  Siegenthaler and Oeschger, 1987; Khalil and Rasmussen, 1987). The level of CO2 has risen by 23% from 280 ppmv to > 345 

ppmv, and is estimated to be rising at c. 4% per decade; the level of CH4, which is 25 times more potent as a greenhouse gas than 

CO2, has risen by c. 250 percent from 650 ppbv to 1650 ppbv, and is estimated to be rising at c. 1% per annum (Raynaud  et al., 

1998,). A conservative consensus of predictions made using atmospheric General Circulation Models (GCMs) is c. 2-5°C for an 

effective doubling of atmospheric CO2 that will be reached by about ad 2050 at current rates of increase, and estimates range as 

high as an 8°C rise in global mean temperature during the next century (Schneider, 1989). The Quaternary fossil record must be 

examined in order to uncover the biosphere's response to global and regional climate changes associated with a global warming of 

this magnitude. Even at the time of alleged maximum post-glacial warmth, c. 6000 bp, Webb and Wigley (1985) determined that 

global mean temperature was unlikely to be more than 1°C greater than it is today. We only detect larger shifts in global mean 

temperature when we compare glacial and interglacial circumstances. Although some regions experienced temperature increases 

of up to 10°C or more at the end of the last glacial period (Jouzel et al., 1987), Schneider (1989) estimated that the global mean 

temperature change during the last glacial termination (i.e. between c. 15000 and 10000 years ago) was only about 5°C. 

 

Today, vegetation accounts for the vast bulk of the biomass on the planet. Understanding how vegetation responds to such changes 

will be critical if we are to predict how the biosphere will adapt to climatic changes of the magnitude predicted for the next centuries. 

Quaternary palynological data give a record of vegetation's responses to climate changes of comparable scale that have happened 

frequently throughout the last 0-75Ma. The past 18ka record is particularly significant since it falls within the 14C dating range 

and includes the most recent period of rapid global warming. The use of isopoll maps to depict late Quaternary palynological data 

is discussed in this work. These maps show how individual taxa have responded to past large climate shifts, allowing estimations 

of their reaction rates to be established (Huntley and Birks, 1983; Huntley, 1989). Pollen-climate response surfaces (Bartlein, 

Prentice, and Webb, 1986) demonstrate the climatic reaction of pollen taxa, and a comparative research employing these has showed 
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the long-term stability of the climate response of taxa (Huntley, Bartlein and Prentice, 1989). As a result, the fundamental reaction 

of taxa to rapid and continuous climate change has been migration (Good, 1931; Huntley and Webb, 1989), with each taxon 

behaving individually (Huntley and Birks, 1983; Webb, Cushing and Wright, 1983; Webb, Richard and Mott, 1983; Huntley and 

Webb, 1989). Palynological data can also be used to create palaeovegetation maps with the help of proper analysis (Huntley and 

Birks, 1983; Jacobson, Webb and Grimm, 1987; Huntley,1990). 

The characteristics revealed by such maps are explained, and the implications of taxa's individualistic reactions to climate change 

are explored in connection to plant community responses (Huntley,1990). Although the scale of late-Quaternary climate changes 

is comparable to future predicted human-caused changes, the maximum rates of change differ by an order of magnitude (Schneider, 

1989). The ramifications of this are examined in light of historical evidence of climate change responses. Huntley and Webb, 1988; 

Davis, 1989; Graham and Grimm, 1990; Huntley, 1991) examine the prospect that rapid human-induced climate change will result 

in extinction and impoverishment of populations. 

 

Evidence from Palynological Data from the Last Quarter 

Pollen diagrams have been created from late Quaternary sedimentary sequences by researchers from all around the world. Since 

around 1960, the majority of workers have also obtained 14C dates on sediment samples from these profiles, allowing them to be 

compared on a temporal scale separate from the palynological data. These statistics have been used as the foundation for several 

workers' syntheses (Flenley, 1979; Ritchie, 1984; Huntley and Webb, 1988). The data can be shown in a variety of ways, some of 

which are explained here, along with the insights and information they convey, are described below. 

 

Isofil maps 

Isopoll maps show the distribution and abundance patterns of individual pollen taxa at specific periods for a given geographical 

area using contours (the 'isopolls'). Szafer (1946) was the first to utilize the approach to map the postglacial spread of diverse trees 

across Poland, but its utility was restricted before the availability of 14C dating (Libby, 1955). More recently, with the availability 

of multiple 14C-dated pollen diagrams, it has become possible to build isopoll maps for specific times on a radiocarbon time-scale, 

with the advantage that the dating is now completely independent of the palynological record (Huntley and Birks, 1983). The 

compilation of isopoll maps for Europe by Huntley and Birks (1983) was the first extensive use of this technique to examine the 

late and post-glacial history of many individual pollen taxa and of the vegetation of a subcontinental scale region, despite a number 

of more geographically, temporally, and/or taxonomically restricted studies (Birks, Deacon, and Peglar 1975; Birks and Saarnisto, 

1975). The technique has now been applied to both big and small areas (Huntley and Webb, 1989). The presentation of palynology 

data as isopoll maps, as well as the compilation of data into databases that must precede the preparation of the maps, has revealed 

information and insights that could not be obtained as easily from individual pollen-stratigraphic records, and has enabled new 

analyses of these data that contribute to our understanding of biosphere responses to climate change (Bartlein .,1986; Jacobson et 

al ., 1987; Huntley, 1990,; Huntley et al ., 1989). Two more types of data analysis, as well as two of the conclusions acquired 

directly from the isopoll maps, are particularly pertinent to discussions of vegetation's reaction to rapid climate change, and are 

discussed below. Surfaces of pollen-climate reaction Bartlein et al., (1986) demonstrated how modern climate data might be linked 

with pollen surface-sample data to identify patterns of distribution and abundance of distinct pollen taxa in a climatic area. For 

their study of the climatic response of several eastern North American pollen taxa, they selected to use the mean temperatures of 

January and July, as well as the mean annual precipitation. The selection of these climatic variables is discussed by Bartlein et al., 

(1986), and is justified by their easy availability from the conventional meteorological record, as well as their close correlation with 

variables that may be more clearly mechanistically implicated in determining plant, and thus pollen, distribution and abundance 

patterns (winter minimum temperature, growing-season temperature sum, exposure to growing-season drought). Surfaces for 

pollen-climate response have since been developed using these factors for a wide range of eastern North American and European 

pollen species, as well as utilizing only the seasonal temperature variables 

 

When the data for taxonomically equivalent taxa from the two continents were compared, the pollen-climate response surfaces on 

both continents are strikingly similar (unpublished results). The seasonal temperature response surfaces for one pollen taxon were 

found to be almost identical and can be utilized interchangeably, according to a study (Huntley et al.,1989). Because the pollen 

taxon represents a single species across all, or nearly all, of both continental regions, and because it is a taxon whose response to 

factors other than climate has been given prominence in the interpretation of its late-Quaternary history, especially in Europe, Fagus 

was chosen for investigation (Iversen, 1973). The findings of this study, which show a great deal of similarity between the climatic 

responses of North American and European Fagus spp., led to the conclusion that these taxa have a climatic response that is unique 

to the genus and has not evolved since the separation of Fagus populations on the two continents between 10 and 25Ma bp, despite 

the magnitude of continuous, but often rapid, climate change since then. Although similar systematic comparisons for other taxa 

have not yet been made, the frequency with which they show subjectively similar pollen-climate response surfaces (unpublished 

results) and their migratory response to postglacial climate change (Huntley and Webb, 1989) indicate that the vast majority of taxa 

have responded to Quaternary climatic changes by migration rather than evolution (Huntley and Webb, 1989), and that their 

climatic tolerances and/or adaptations are likely (Huntley et al., 1989). Rates of migration Examining sequences of isopoll (Huntley 

and Birks, 1983) or isochrones (Davis, 1976) maps can be used to assess the rates of migratory response of taxa to climatic change. 
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The migration rates indicated in this method are the actual rates; the extent to which migration may have trailed behind 

exceptionally rapid climatic change is still a point of contention (Davis, 1984; Bennett, 2018; Birks, 1986). Most trees' maximum 

migration rates are in the range of 150-500m year"1, and the maximum rates of migration reached by certain taxa are remarkably 

consistent across geographical locations (Huntley, 1989). However, the maximum rates of 1000 to 2000 m year"1 achieved by a 

few taxa in Europe are slightly higher than those recorded in eastern North America, as Huntley and Birks (1983) have discussed. 

Isoline maps for events in a taxon's pollen record; the isolines connect sites where the event took place at the same time. The first 

rise in pollen values to a level indicating local presence of pollen-producing plants is mapped in order to assess migration. 

Some aquatic plant (Iversen, 1954; Huntley and Birks, 1983) and Coleoptera (Coope, 1977) taxa, however, traveled even quicker 

than the trees. The evidence of these faster migrations has been used to back up the theory of migratory lag among trees (Birks, 

1986; Davis, 1983; Huntley and Birks, 1983). The isopoll maps of European and eastern North American pollen data, as discussed 

by Huntley and Webb (1989), do not support any of the suggested sources of lag, and strongly suggest that it could not have been 

of any considerable significance. A simple estimation of the possible maximum migration rate also reveals that they are surprisingly 

comparable to the observed maximum realized migration rates. The apparent disparity between tree migration rates and aquatic 

plant and Coleoptera migration rates can be explained most economically by assuming that these organisms were responding to 

various components of the climate that altered at different rates and/or at separate times. The orbitally driven changes in solar 

radiation, as well as changes in the height and extent of the residual ice-sheets in North America and, to a lesser extent, Europe, 

were the primary forcing processes determining climatic change during the latest deglacial warming (COHMAP Members, 1988). 

 

Summer insolation in the Northern Hemisphere increased, whereas winter insolation decreased. At c. 9000 bp, when summer 

insolation was c. 8% higher than today and winter insolation was c. 8% lower, this enhanced seasonality of insolation reached its 

apex. This insolation trend started around 18000 B.P., when seasonal insolation in the northern hemisphere was close to what it is  

The volume of the major ice sheets was decreasing throughout this time, but it was still estimated to be > 50% of the maximum 

18000 bp volume at 12000 bp. Only at the time of the peak seasonality of insolation, c. 9000bp, did the ice sheet volume become 

insignificant. While increased summer radiation would lead to higher summer temperatures, particularly over ice-free continental 

areas, reduced winter insolation would lead to lower winter temperatures. Any increase in winter temperatures during this time was 

primarily due to the ice sheets' waning effect. Kutzbach and Guetter (1986) used atmospheric GCM simulations to validate this 

general pattern. The July mean temperature had recovered from a M mean dip of c. 3°C at 18000 bp to a zonal mean depression of 

0-5°C at 12000 bp, then rose to a zonal mean c. 2°C higher than today at 9000 bp in the northern hemisphere's mid-latitudes. For 

the January mean temperature zonal averages, comparable data are depressions of c. 11-5°C at 18000 BP and c. 3-5°C at 12000 

BP, with little difference from the current 9000 BP 2000 bp and no difference from present at 9000 bp. 

The discrepancies in migration rates and timing of trees, aquatic plants, and Coleoptera can all be explained by these variances in 

seasonal temperature responses. Because they are either latent in the lake-bottom muck or overwintering as eggs or in a state of 

hibernation throughout the winter season, the latter groups are particularly sensitive to high summer temperatures. Trees' aerial 

portions, on the other hand, must withstand winter exposure. As a result, the rapid return of summer temperatures to levels 

comparable to or even exceeding current levels allowed aquatic plants and Coleoptera to migrate more quickly at a time when 

winter temperatures were still much below current levels, preventing tree migration. In addition, the temperature gradient varies by 

season; in Europe, the summer temperature gradient is around half that of the winter. This would result in variations in possible 

migration rates across organisms, depending on whatever component of seasonal temperature their range margin tracked. 

Organisms that were more sensitive to summer temperatures migrated faster than those that were more sensitive to yearly mean 

temperatures or winter temperatures. Any test of this theory will require high-resolution temporal examinations of trees, aquatics, 

and Coleoptera from the same strata, as well as precise 14C dating of the sediments and macrofossil remains contained within 

them. For the time being, organisms migrate in response to climate change (Huntley and Webb, 1989), and that their actual 

migration rates are comparable to the potential rates required of them during deglacial warming, which is thought to be 

representative of the most rapid climate changes in recent geological history. It's also worth noting that there's some debate about 

whether longer-lived sessile organisms have a migrational lag, and that current knowledge of dispersal, vegetation dynamics, and 

population growth suggest that the realized migration rates of trees during déglaciation may be close to the maximum that such 

organisms could achieve.  

 

Individualism among species is a common feature of the sets of isopoll and isochrones maps generated for various geographical 

locations. While plant ecologists have widely accepted the individualistic response of taxa to spatial variations in their current 

environment since the work of Whittaker (1954) and Curtis and McKintosh (1951), palaeoecologists have only recently recognized 

the individualism of response to temporal environmental changes. Pollen maps illustrate that taxa migrate at different times, speeds, 

and directions, and that no two taxa have distribution and abundance patterns that consistently correspond in space and time (Davis, 

1983; Webb, 1981; Huntley and Birks, 1983; Webber al., 1983; Huntley, 1988, 1989; Huntley and Webb, 1989). Individualism in 

reaction has a lot of significant. Communities arise as transient assemblages of species whose constituents will dissociate as they 

respond individually to environmental change and form new associations under new environmental conditions, as detailed below. 

Even if such qualitative shifts do occur, Individualism in responding has several key ramifications. Communities arise as transient 

assemblages of species whose constituents will dissociate as they respond individually to environmental change and form new 

relationships under new conditions, as detailed below. Even if such qualitative changes in community composition do not occur, 
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quantitative changes in relative abundance of component species do occur, which can alter the community's structural and 

functional characteristics. As a result, neither the history nor the evolution of communities should be discussed because they are 

temporary associations of taxa, each of which is responding to changes in the environment in an individualistic manner, and each 

of which is likely to be sensitive to different environmental variables. Second, because certain former habitats are likely to have 

differed from current ones, some previous communities or assemblages of species must be expected to differ from those found 

now. This is demonstrated by so-called "4 no-analogue" fossil assemblages, such as pollen spectra (Huntley, 1990), vertebrate 

remains (Stuart, 1982; Graham and Grimm, 1990), or Coleoptera remains (Graham and Grimm, 1990). (Coope, 1977). Overpeck 

et al. (1985) investigated quantitative measures of degree of analogy and applied them to the eastern North American pollen record. 

Anderson et al. (1989) used similar approaches to study the pollen record from northwestern North America, and Huntley (1990) 

studied the European pollen record. Since 13000 bp, Huntley (1990tf) has created maps illustrating patterns in the degree of analogy 

at millennial intervals. Most post-glacial pollen spectra in Eastern North America had modern parallels, whereas in Europe, many 

recent post-glacial pollen spectra lack modern analogues. Huntley (1990) has examined the causes behind this discrepancy. 

 

Maps of palaeovegetation, or any other historical communities, cannot be constructed using present-day vegetation units or 

communities due to the individuality of taxa's responses to environmental change. There have been a number of approaches to 

palaeovegetation mapping from pollen data (Huntley and Birks, 1983; Jacobson et al., 1987), but they have all been subjective to 

some degree in terms of the species and/or isopolls to combine in order to map assemblages. Huntley (1990) has recently used 

multivariate classification to the whole time-space dataset of European pollen data represented at millennium intervals in a database 

derived mostly from Huntley and Birks (1983) and Peterson (1983) databases (1983). The classification yielded a set of 32 pollen 

spectra clusters that were not bound by spatial proximity or temporal coincidence. These clusters have been mapped for millennia, 

and the resulting maps can be thought of as palaeovegetation maps down to the formation level (Huntley, 1990). Only 18 of the 32 

clusters mapped are represented at this time. The nature of the compositional changes in European post-glacial forest vegetation 

was later studied by Huntley (Huntley, 1990). The maps show a number of general characteristics of vegetation's response to 

climate change (Huntley,1990). They also point to two aspects of European and eastern North American vegetation responses that 

are particularly important in light of future climate change concerns. (1) The persistence of no-analogue assemblages in Europe 

during the postglacial, in contrast to results from eastern North America (Overpeck et al., 1985), suggests that European climate 

may be more sensitive to insolation and other changes, and thus more variable, than the climate of eastern North America (Huntley, 

1990). (2) Major changes in atmospheric circulation, such as those seen during deglaciation, result in changes in broadscale 

vegetation pattern and community composition, which are documented in palynological records from both Europe (Huntley and 

Birks, 1983; Huntley, 1988) and eastern North America (Huntley,1990).  

 

Discussion 

Pollen data from places on a continental or at least subcontinental scale was mapped and analyzed to illustrate how vegetation, the 

biosphere's most important component, responds to climate change. The preceding findings lead to six major general conclusions. 

(1) The majority of plants and, most likely, other organisms have not adapted to Quaternary climate variations by adaptive 

evolutionary modifications (Coope, 1977). Since the Tertiary, at least some taxa have showed no major change in their climate 

sensitivity (Huntley et al.,1989). (2) When faced with Quaternary climate changes, most, if not all, taxa have responded by 

migrating (Huntley and Webb, 1989). (3) Trees' actual maximum migration rates (Davis, 1976; Huntley and Birks, 1983; Huntley, 

1989) are comparable to the anticipated maximum migration rates needed to track deglacial warming. Many researchers believe 

that tree migrations lagged climate change during rapid deglacial warming because such rates are near to or even constitute the 

absolute maximum that trees are capable of (Birks, 1986; Pennington, 1986; Bennett, 2018). (4) Taxa responded to past climate 

changes in an individualistic manner (Davis, 1983; Huntley and Birks, 1983; Webb, 1981; Webb et al, 1983; Huntley, 1989; 

Huntley and Webb, 1989), which is similar to taxa's individualism in response to aspects of their current environment (Davis1983; 

Huntley and Birks, 1983; Webb, 1981; Webb (Whittaker, 1951, 1953). (5) As a result of individualistic migratory responses, 

communities and vegetative units arise as transient assemblages of species that dissociate and reassemble in new assemblages as 

climate changes. Past climates, unlike today's, produced communities unlike today's. (6) Major re-arrangements of atmospheric 

circulation, such as those that occurred during deglaciation, result in changes in broadscale vegetation patterns and the orientation 

of major vegetation gradients and ecotones, as well as quantitative and qualitative changes in the composition of plant communities 

(Huntley and Birks, 1983; Webb, 1988; Huntley, 1990). How useful are these findings for predicting how vegetation will react to 

future climate changes caused by the release of greenhouse gases into the atmosphere as a result of human activities? Many experts 

now believe that an increase in global average temperature of at least 2-5 degrees Celsius by the middle of the twenty-first century 

is likely to occur (Schneider, 1989; Houghton, Jenkins and Ephraums, 1990). 

This is the largest shift in global mean temperature since the last deglaciation (i.e., since the rise of about 5 degrees Celsius between 

c. 15000 and 10000 years ago, which signaled the end of the last glacial period). As a result, evidence of the biosphere response to 

glacial warming can be used to help forecast the response to current warming. The rate of warming predicted for the next century, 

on the other hand, is expected to be between 10 and 100 times greater than the rate of deglacial warming. As a result, the biosphere 

will be responding to a rate of climate change that has never been seen before, at least in the recent geological past. Any indicator 

of the biosphere's ability to adjust to such rapid changes, whether positive or negative, will be extremely valuable. Given the facts 

presented above, the first unavoidable conclusion is that organisms would migrate in response to predicted climatic change. It is 
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also certain that they will do so in an individualistic manner, resulting in changes in the composition of communities and 

ecosystems. The amount to which they will be able to achieve this answer will be determined by a variety of things. In the case of 

trees, past maximum migration rates are thought to be close to the maximum rates feasible by these long-lived sessile creatures; 

some researchers assume that trees lagged behind deglacial climate changes due to migration rate constraints. As a result, most 

trees are thought to be unlikely to attain the migration rates required by predicted climate changes that are one to two orders of 

magnitude quicker than those seen during the last deglaciation (Davis, 1989; Huntley, 1990). Furthermore, all organisms will be 

forced to travel across landscapes that have been significantly transformed by human activity, and in which the habitats available 

to them are limited in size and fragmented (Huntley, 1991). This will put more restrictions on the amount of migration they may 

achieve. Many animals have had their populations significantly decreased by human activities, even in less-developed countries, 

and today only live in designated reserves. Although their migration may not be limited by the availability of habitat outside of the 

reserve areas in these cases, the legislative protection provided to many is limited to the reserves; any individuals moving outside 

the reserves as part of a migratory response will frequently face severe human persecution, effectively preventing their migration 

(Huntley and Webb, 1988; Huntley, 1991). 

 

The prognosis for many organisms is currently bleak. If many trees are to survive, proactive actions to aid their migration in the 

face of future climate change may be required (Roberts, 1989; Huntley, 1991). Other animals whose small and fragmented 

populations limit their ability to disperse to what are frequently remote, small regions of suitable habitat may require the same 

artificial dispersal. Threatened taxa whose current survival is contingent on legal protection within designated reserves may only 

survive if their protection can be extended, allowing them to migrate to places that, in many cases, are not now protected. Few 

current reserves are large enough to accommodate significant migrations, and even fewer provide the option of altitudinal 

migrations rather than geographical migrations. If we wish to reduce the need for artificial dispersal, we must seek to integrate 

wildlife demands into our use of the environment rather than relying primarily on isolating them in limited designated reserves, in 

addition to extending legal protection to regions outside reserves. In addition, we must reassess our policy on the designation of 

such reserve areas (Hunter, et al., 1988; Huntley, 1991). Reserves cannot be chosen only on the basis of the rarity of the creatures 

present inside their bounds; these organisms may migrate elsewhere in the future. Instead, in order to establish resiliency in our 

network of reserves, we must conserve as much land as feasible and as varied a range of physical habitats as possible. We must 

also place a larger emphasis on creating a connected network that facilitates migratory movements; so-called "wildlife corridors" 

will become increasingly important in the future and must be included in every structure or development plan. If such steps are not 

taken, many organisms will face extinction within the next one or two millennia if global climate change is not avoided (Roberts, 

1989; Huntley, 1990). Even if strict measures to reduce greenhouse gas emissions are enacted in the near future, the return of the 

global system to equilibrium will require significant warming, which will induce significant migrations by many organisms 

(Schneider, 1989). If large-scale declines in the populations of many organisms and the extinction of others are to be avoided, 

policies that allow organisms to migrate will be required, regardless of future greenhouse gas emission regulations. Even if means 

are taken to encourage, if not artificially aid, organism migration, extinction of some species appears to be inescapable. Large-scale 

extinction is highly likely if these steps are not taken. If no measures are made to reduce greenhouse gas emissions, the number of 

extinctions will rise. It could become disastrous if potential positive feedbacks, such as those generated by the release of methane 

from hydrate deposits beneath permafrost zones and the oceans (Leggett, 1990), start to operate and accelerate the rate of climate 

change. 
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Abstract 

Rural womenôs economic empowerment is fundamental to enhancing and strengthening their food security status. Non-timber 

forest products (NTFPs) make significant contributions to food security of the rural women. This study examined the activities of 

rural women in collection of NTFPs in alleviating household food insecurity in Kaduna state. Multistage sampling procedure was 

used to select 120 respondents for the study and structured questionnaire was used for data collection. Data were analysed using 

descriptive statistics; Chi-square and Pearson Product Moment Correlation (PPMC) were used to test the hypotheses. The results 

showed the mean age of 40.12 years. Majority (70%) of the respondents considered forest leaves, extraction of medicinal plants, 

honey and beewax as the most important product in NTFPs. PPMC result revealed that age (r =0.207, p = 0.023) and monthly 

income (r= 0.175, P=0.056) were significantly related to food security status. Chi-square revealed that the major constraints were 

insecurity issues ( =4.693,p=0.030), pest and diseases (=29.091,p=0.00) and lack of harvesting technology (

=2.325,p=0.00). In conclusion, NTFPs was identified to play major role in enhancing household food security, providing primary 

health care and empowerment for rural women to ensure household food security. The study recommends that rural women should 

be supported by providing adequate security measures which will help to increase their confidence for increased level of 

participation and contribution to householdsô food security without the fear of being kidnapped. 

  

Keywords: Rural women, Non-timber forest products, Household food insecurity 

 

 

Introduction  

Forests and Nonïtimber Forest Products (NTFPs) plays a key role in promoting the economic advancement, welfare of rural women 

and it is also accepted as a veritable means of alleviating poverty among rural communities as it helps in sustaining livelihood and 

rural well-being (FAO, 2012). NTFPs are described as tradable products derived from the forest excluding timber (Olawoye, 2016). 

FAO (2013) also defined NTFPs as goods of natural origin, and services derived from forest or any land under similar use excluding 

wood in all its forms. NTFPs includes useful materials and items used as food, fuel, fodder, medicine, cottage and wrapping 

materials, biochemical, birds, reptiles and fishes, for food and fodder, fruits and nuts, food and beverages, fish and game, vegetables, 

fuelwood, honey, medicinal plants, essence and different kind of barks and fibre such as bamboo, rattan and a lots of other palm 

and grasses are parts of diets many rural dwellers consumed as food supplements in Nigeria especially during off season to enhance 

adequate food security (Shackleton and Shackleton, 2014; Jimoh, 2016).  

Household food security was described by FAO, (2006) as a condition that occurs when all the people within a household at all 

times have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for 

an active and healthy life. When all the occupants of a household do not live in hunger or fear of starvation, such household is 

considered food secured. However, food insecurity simply means scarcity of food. It is linked with fluctuation in a householdôs 

own food production and availability (Babatunde et al., 2017). It is also associated with food productions, general economic and 

social development variables. Many of these variables such as rise in world food prices, increased food commodity speculation, 

changing climatic conditions caused by global warming, increasing demand for arable land for cultivation of biofuel and poor 

governance to cope has aggravate the food security situation in most parts of the world including Nigeria (Dirorimwe, 2013).  

In Nigeria, rural women are more vulnerable because they spend most of their time providing support to their husbands, 

children, elders and other members of their family; consequently, they become economically dependent, educationally 

backward, and disadvantaged both politically and socially (FAO, 2015). They are more exposed and vulnerable to insecurity 

attacks of kidnappers and bandits, which in turn generate social, economic, and environmental costs on rural well-being (Hill, 

2011). It is therefore necessary that adequate attention should be granted to rural womenôs access to economic empowerment 

through the provision of adequate security and enablement through adequate access to NTFPs which in turn would help to 

promote development efforts by increasing rural womenôs access to economic resources such as job opportunities, financial 

services, skills development and market information (OECD, 2013). The main objective of the study is to assess the activities 

of rural women in the collection of NTFPs in alleviating household food insecurity in Jemaôa Local Government Area of Kaduna 

State. The sub objectives are: (i) describe the socio-economic characteristics of the rural women (ii) identify the activities of rural 

women in gathering NTFPs (iii) determine the household food insecurity status and (iv) find out the constraints faced by rural 

women in NTFPs activities in the study area. 
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The hypotheses of the study is stated in null for as follows 

Ho: There is no significant relationship between 

i. socio-economic characteristics of the rural women and household food insecurity status. 

ii. activities of rural women in gathering NTFPs and food insecurity status  

iii. constraints faced by rural women in NTFPs gathering and food insecurity status. 

 

Methodology 

Study area 

The study was carried out in Jemaôa Local Government Area (LGA) of Kaduna State. Jemaôa LGA is situated between latitudes 8° 

30' to 8° 34' N and longitudes 9° 23' to 9° 31' E. It covers an area of about 15643 km² with population density of 110,008; with the 

mean monthly temperature of 35 °C and annual rainfall of 715 mm. Some of the activities taking place in the study area includes 

crop farming such as ginger, rosette, maize and sorghum, while the animals reared there include goat, poultry, pigs and cattle (NPC, 

2006). 

 

Sampling Procedure and Data Collection 

A multi-stage sampling technique was adopted. The first stage involved purposive sampling of six wards out of fourteen wards in 

the LGA because of accessibility of forest and high concentration of rural women in NTFPs. In the second stage, one village was 

randomly selected from the six wards. In the third stage, twenty (20) rural women were randomly selected from each village to 

make of 120 respondents. Interview was conducted using structured questionnaires to elicit information from the rural women.  

The Household Food Insecurity Access Scale (HFIAS) (FANTA Scale) of the United States Agency for International Development 

(USAID) (2007) was used to categorize households. The HFIAS Score for each household was calculated by summing the scores 

for each household. The maximum score for a household is 27 while the minimum is 0. The higher the score, the more the food 

insecurity (access) the household experienced. The lower the score, the less food insecurity (access) a household experienced. 

Furthermore, 6 dichotomize items were developed to ascertain the level of participation in the activities that they do in collecting 

NTFPs. A Yes/No response were asked with a score of 2 and 1. Maximum score was 12 while the minimum was 6. 

Data Analysis 

Descriptive statistics was used to analysed data collected, Fanta scale (3 point Likert scale statement in order of rarely, sometimes 

and often) and Inferential statistics - Chi-square and Pearson Product Moment Correlation (PPMC) were used to test the hypotheses.

  

 

Results and discussion 

Socio- economic characteristics of the respondents 

Table 1 showed that 27.10% of the respondents are within 41-50 years of age. This indicates that majority of the respondents were 

in their active age to carry out NTFPs activities that can improve their household food security status. This agreed with the findings 

of John (2013) who stated that, most rural women in their active ages support their households through their livelihood activities 

in NTFPs. Also from Table 1, some (31.40%) of the respondents have tertiary education, while others (20.30%) and (8.5%) had 

both secondary and primary education respectively. This implies that the level of education brings about exposure and 

empowerment that influence the rural women as they carry out NTFPs activities which enhance household food security and 

empowerment for better living (Shively and Newton, 2016). Table 1 further revealed that some (21.20%) of the respondents have 

monthly income of less than N10,000 while few (11.0% and 8.50%) had an estimated monthly income of N41,000 and above 

N51,000 respectively. 

 

Table 1: Distribution of respondents based on their socio-economic characteristics 

Variable     Frequency (n=120)                      Percentage  

Age (years) 

Below 20     12     10.20 

21-30      23     19.50 

31-40      26     22.00 

41-50                                                    32     27.10 

51 years and above    25     21.00 

Educational Status             

Non-Formal education   29     24.60 

Arabic Education    18     15.30 

Primary education    10     8.50 

Secondary education    24     20.30 

Tertiary education    37     31.40 

Monthly Income 

10, 000 and below                                        25                                                     21.20 

11, 000 ï 20, 000                                          34                                                     28.80 
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21, 000 ï 30, 000                                          25                                                     21.20 

31, 000 ï 40, 000                                          11                                                      9.30 

41, 000 ï 50, 000                                          13                                                     11.00 

50, 000 and Above                                    10                                                      8.50 

Source: Field Survey, 2021 

 

Activities of rural women in NTFPs gathering  

Table 2 showed the activities of rural women in NTFPs gathering.  Majority (90.0% and 86.7%) of the respondents were into 

collection of leaves and planting of vegetables and extraction of medicinal plants respectively. This implied that cutting of leaves 

is a major activity of the rural women in NTFPs, they does this to assist their household by providing food and shelter. This was 

supported by Uwalaka et al, (2010) that people always depends on plants and animals for their medical care ever before the 

introduction of western drugs in Nigeria. Schreckenberg (2013) emphasized that the demand related to natural health and beauty 

products are enormous, opportunities abound for the collection of NTFPs especially the medicinal leaves for processing into beauty 

products. Most (65.0%) of the respondents were into harvesting of products, while fifty percent (50.0%) of the rural women are 

into hunting of game. NTFPs can be collected in forest plantation or from trees outside the forest. The uses of these NTFPs range 

from being food or food additive (nuts, wild fruits, herbs) as plant materials and animal products (honey, silk, bush meat). NTFPs 

are perceived by many as a sponge and their use in traditional activities are giving ways to other businesses and products as the 

economy improves (IFAD, 2015). 

 

Table 2: Distribution of rural women based on their activities in NTFPs 

Activities of rural women in NTFPs *Frequency Percentage 

Planting of vegetables   104 86.7 

Collection of leaves 108 90.0 

Extraction of medicinal plants 104 86.7 

Harvesting of products (Shea, fruits, nut honey and beewax) 78 65.0 

Hunting 60 50.0 

Source: Field survey, 2021 *Multiple responses 

Food insecurity status of the respondents 

Table 3a showed that some (26.7%) of the respondents worry about food and some (16.7%) of the respondents were unable to eat 

the kind of their favourite foods because of lack of resources. Few (6.7%) eat limited variety of foods due to lack of resources. This 

implication of this is that the food secured household experiences none of the food insecurity variables or conditions, or just 

experience worry but rarely. While slightly food insecure households is unable to eat desired food or monotonous diet than they 

preferred. There were no cases of severely food insecure households.  Having access to sufficient food for healthy and productive 

life in right quantity and at the right time is food security. NTFPs added to the quantity of rural household diet directly by providing 

medicine, fruits, nuts, bush meat, mushrooms, honey and fuel wood for food processing, and shortage may directly affect food 

security (FAO, 2017).   

 

Table 3a: Distribution of the respondents based on their food insecurity status   

Household Food Security  Questions  Yes No Rarely  Sometimes  Often  

Did you worry that your household would not have 

enough food to eat in the past four weeks? 

33(26.7) 88(73.3)    

How often did this happen?   100(83.3) 20(16.7)  

In the past four weeks, were you or any of your 

household members not able to eat the kind of 

foods you wanted because of a lack of resources? 

20(16.7) 100(83.3)    

 How often did this happen?   98(81.7) 22(18.3)  

Do you or any of your household members have to 

eat a limited variety of foods due to lack of 

resources in the past four weeks? 

8(6.7) 112(93.3)    

How often did this happen?   112(93.3) 8(6.7)  
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Household food insecurity access scale (HFIAS) 

 

Food security status of the respondents 

Table 3b further bring out the household food security status of the respondents. Most (55%) of the respondents were food secured 

while some (45%) were mildly food insecure and there were no cases of severely food insecure. NTFPs contribute substantially to 

nutrition of the household, either as part of family diet or as a means to achieve health attention through the prevention and treatment 

of diseases i.e. the use of medicinal plant for curing certain diseases. Nigeria government and other development agencies need to 

provide more grant or fund to household so as to reduce food shock and aid household food security (Tollens, 2018). 

 

3b: Distribution of the respondents based on food security status 

Status of food security Frequency   Percentage 

Food secure 66 55.0 

Mildly food insecure 54 45.0 

Tota 120 100 

 Source: Field survey 2020 

 

Constraints faced by the respondents in NTFPs activities 

Table 4 showed the ranking of some constraints facing the respondents with regards to NTFPs activities. Paramount among the 

constraints is insecurity issue (76.7%). Insecurity keeps rural women in perpetual fear and does not allow free moment of rural 

women to the forest and farm lands. Other constraints include lack of machine (68.3%) for adequate processing of NTFPs, Unstable 

demand for products (66.7%) and Price fluctuations (55%) respectively 

 

 

 

 In the past four weeks, did you or any household 

member have to eat unwanted foods because of 

lack of resources to obtain other types of food? 

20(16.7) 100(83.3)    

How often did this happen?   98(81.7) 22(18.3)  

In the past four weeks, did you or any household 

member have to eat a smaller meal than you felt 

you needed because there was not enough food? 

50(41.7) 70(58.3)    

How often did this happen?    88(73.3) 16(13.

3) 

 In the past four weeks, do you or any other 

member of your household have to eat lesser meals 

in a day because there was not enough food? 

32(26.7) 88(73.3)    

 How often did this happen?   100(83.3) 20(16.7)  

Was here ever no food to eat of any kind in your 

household because of lack of resources to get food 

in the past four weeks? 

20(16.7) 100(83.3)    

How often do this happen    98(81.7) 22(18.3)  

In the past four weeks ,did you or any of your 

household members go to sleep hungry at night 

because there was no food  

8(6.7) 112(93.3)    

How often do this happen    112(93.3) 8(6.7)  

Did you or any of your household member go a 

whole day and night without eating anything 

because there was not enough  food in the past four 

weeks? 

12(10.0) 108(90.0)    

How often do this happen    110(91.7) 10(8.3)  
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Table 4: Distribution of Respondent based on Constraints faced in NTFPs   

Constraints                     Frequency               Percentage          

Inadequate rainfall     88                          73.3  

Lack of machine    82                           68.3  

Unstable demand for products  80                           66.7 

Pest and disease     72                           60.0 

Price fluctuation    66                           55.0  

Activities of rodents    66                           55.0 

Insecurity      92                          76.7 

Source: Field survey, 2021 

 

Test of hypotheses  

Correlation analysis between some selected socio economic characteristics and food insecurity status  

Correlation analysis showed that there is a significant relationship between age (r = 0.207, p = 0.023), monthly income (r= 0.175, 

P= 0.056) and food security status. This revealed that most of the respondents are in their youthful age hence they are able to work 

better and faster to contribute in NTFPs, they can also cope with intensive labour demand in collecting the NTFPs. Age play a key 

role in the activities of rural women in NTFPs because young rural women are more active and get things done easily (Mulenga et 

al., 2011). 

 

Correlation analysis between socio-economic characteristics of the respondents and household food security  

Variables r  p-value Remark 

Age 0.207 0.023 S 

Monthly income 0.175 0.056 S 

 

Correlation analysis between activities of respondents in NTFPs and food insecurity status 

Correlation analysis between activities of respondents in NTFPs showed the significant relationship between cutting of leaves (r= 

0.302, p =0.001) and household food security. Adekunle (2015) said that ethno medicine has gained much mire acceptance as the 

only alternative to drugs which were gotten from the leaves of the plant which can be said that wood and leaves of trees gotten are 

very much important  

 

Chi-square analysis between respondentsô constraint and household food insecurity  

Chi-square analysis revealed that insecurity issues (=4.693, p=0.030), unstable demand for products ( =5.455, p=0.020), pest 

and diseases (=9.091, p=0.00), activities of rodents (=18.623,  p=0.00) and lack of machine (=12.325, p=0.00) were 

significant to household food insecurity. The activities of rodents cause a lot of damages to the products and it will lead to lots of 

loss to the rural women. This finding is in line with Braun, (1985) who confirmed that Nigeria forest resource is mostly under 

managed and is faced with the problem of poor implementation and protection rules. The upsurge of kidnapping and banditry 

especially in northern Nigeria is a major threat to the agricultural activities and also gathering of NTFPs in the rural area. 

Kidnapping and insurgency affected the movement of products and increase in price of NTFPs. It made it difficult for extension 

workers to go to those areas and also farmer to access their farms. Infestation of pest and disease reduces the quantity and quality 

of NTFPs products. While activities of rodents also threatening the survival of NTFPs in Nigeria, rodents attacked NTFPs either in 

the farm or at home resulted in loss of NTFPs quantity, this also affected rural women participation in NTFPs activities respectively. 

The null hypothesis which stated that there is no significant relationship between the constraints faced by rural women and food 

security status is hereby rejected. 

 

Table 5: Chi square between respondentsô constraint and food insecurity   

Variables  Df p-value Remark 

Land acquisition 0.808 1 0.369 NS 

Security issues 4.693 1 0.030 S 

Inadequate rainfall 0.028 1 0.868 NS 

Unstable demand of products 5.455 1 0.020 S 

Fluctuating of price 0.393 1 0.531 NS 

Pest and disease 29.091 1 0.00 S 

Activities of rodents 18.623 1 0.00 S 

Lack of machine 12.325 1 0.00 S 

 

Conclusion 

The study concluded that rural women are actively engaged in NTFPs activities. Such activities include cutting of leaves, extraction 

of medicinal plants, harvesting and hunting. NTFPs have been identified to play major role in providing primary health and 
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nutritional needs for the rural women. It ensured food security is beyond basic consumption but also an avenue to financial support 

and empowerment of rural women. 

 

 

Recommendations 

The following recommendations were made from the findings of the study;  

i. Rural women should be empowered and supported to improve in their ability in providing medicinal plant to improve 

health sector through prevention and treatment of diseases. 

ii. Rural women should also be financially supported to gain more trade material thereby having the ability to buy more 

quality, nutritious and safe food at all time in order to be food secure. 

iii.  Government with the help of non-governmental organization should provide security measures; this will help in securing 

lives and properties of rural women and also increase the level of participation and contribution to the food security of 

household.  
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Abstract 

As essential as animal production is to mankind, there is a challenge of nutrient inadequacy especially with the local animal 

farmers. This study was conducted to evaluate the nutritive value dry matter (DM), moisture content (MC), crude protein (CP), 

crude fiber (CF), ash content, ether extract (EE), carbohydrate (CHO) and calorific value (CV) of fresh leaf and leaf litter of 

four fodder plant species (Maesobotrya barteri, Cola millenii, Napoleonaea vogelii and Uvaria chamae) in Umudike, Nigeria. 

Maesobotrya barteri and Napoleonae vogelii had similar DM results (95.48% and 94.95%, respectively) while Cola millenii 

had the least (93.08%). The MC contents of the species were within the range of 4.53 ï 5.41%. U. chamae had a CP value of 

22.86% while others ranged between 18.71% ï 19.82%. M. barteri had the highest CF value (10.15%). N. vogelii recorded 

the highest ash content (8.51%), while U. chaemae had the least (6.95%). The EE values of U. chamae and C. millenii (7.38% 

and 7.09%) were significantly higher than those of N. vogelii and M. barteri (5.26% and 4.71%). The CHO value of N. Vogelii 

and M. barteri were 60.17g and 58.67g, respectively and were higher than those of U. chamae and C. millenii (54.73g and 

56.68g, respectively). The CV values for U. chamae and M. barteri were the highest and the least (376.78 J/kg and 352.35 

J/kg, respectively). The study concludes that the incorporation of these species into fodder banks, home gardens and alley 

farms can help to overcome problems of livestock nutrition.  

 

Keywords: Animal production, nutrient inadequacy, nutritive value, fodder banks, home gardens 

 

 

Introduction  

Animal production is an essential component of traditional agriculture in the humid tropics. The lack of forage is a significant 

cause of insufficient animal protein, especially in the developing world. In Southeastern Nigeria, livestock production 

contributes to food security and rural livelihood. However, inadequate nutrient supplies especially during the dry season is a 

major challenge to livestock production. The impact of this challenge is more evident in the small-scale sector (Odeyinka, 

2001; Anyanwu et al., 2021). Fodder trees and shrubs have always played a vital role in feeding livestock and could be planted 

to overcome the effects of troughs in fodder supply and guard against the risk of drought or fire (Khan et al., 2014). Thus, 

leaves, twigs, and fruits of naturally occurring browse trees, shrubs, and other woody plants species have been incorporated as 

a significant component of livestock production in many regions of the world, mainly on grasslands (Aganga and Tshwenyane, 

2003; Khan et al., 2014). 

Any fodder crop's forage value depends on its nutritional content and palatability; fodder is fed to animals to meet specific 

productive purposes (Waziri et al., 2013). Reports have shown that trees and shrubs provide animals with protein and energy 

to keep rumen microbes active, increase their ability to digest fiber and enable livestock to use dry season pastures. Their 

availability almost all year round further increases their dietary contributions (Asefa et al., 1992). 

Fodder trees and shrubs have relatively higher concentrations of crude protein, mineral, neutral detergent fiber (NDF) and acid 

detergent fiber (ADF) and lower average dry matter digestibility than grasses (Wilson, 1977). However, choosing fodder crops 

with low nutrient contents and nutritive value could be detrimental to sustainable productivity in animals (Waziri et al., 2013).  

There is a need to recognize, evaluate and select browse plants (trees and shrubs) with the fodder characteristics to incorporate 

them into the sustainable production systems. Therefore, this study was undertaken to determine the nutritive values of fresh 

leaves and leaf litters of four bush fallow fodder plants commonly found in south-eastern Nigeria. 

 

Materials and method 

The Study Site 

This study was carried out in Umudike, South-Eastern Nigeria, which is in the tropical rainforest zone of Nigeria (Agro-

Metrological Station, NRCRI, Umudike). Umudike lies between latitudes 5o25' and 5o32'N and longitudes 7o32' and 7o35'E. It 

has two distinct seasons; the rainy and dry seasons. The dry season lasts from November to March, while the rainy season 

kicks off in Mid-March and ends in October, with peaks in July and September. The average annual rainfall range is 2,238 

mm, while the mean minimum and maximum temperatures are 23oC and 30oC, respectively (Tembe, 2005). The relative 

humidity is usually high, between70-85% during the rainy season as low as 45% during the peak of the dry season. The soil is 

well-drained, deeply weathered, sandy loam of up to 30cm depth and rich in organic matter with an overlying uniform clay 

content all through the profile depth (Federal Department of Agricultural and Land Resources (FDALR), 1990). 

 

Sample Collection and Processing 

The plant species studied were: Maesobotrya barteri, Cola millenii, Napoleonaea vogelii and Uvaria chamae. The four bush 

fallow species' fresh leaves and leaf litter were collected, enclosed into brown envelopes, and then oven dried at 70°C for 48 

hours at the National Root Crop Research Institute (NRCRI) Umudike, Nigeria. The oven-dried leaf samples were milled then 

sieved with a 0.5 mm sieve and stored in the harvest brown envelope for chemical analysis. 
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Laboratory Analysis 

The milled samples were used to determine the nutritive values of dry matter (DM), moisture content (MC), Crude protein 

(CP), Crude fiber (CF), total ash, ether extract (EE), carbohydrate (CHO), and Calorific value (CV) of the fresh leaves and 

leaf litters of the bush fallow fodder species. Also, the Percentage Nitrogen (%N) was determined to get the Crude Protein 

(CP) (Gosukonda et al., 2020). 

 

Extraction of Samples for Analysis by Wet Acid Digestion Method 

0.2g of each of the milled samples was weighed and put into a 100ml conical flask. 5ml of the multiple nutrient extraction 

reagents (H2SO4
- selenium catalyst + salicylic acid) was added to a milled sub-sample, covered and allowed to stand for about 

16 hours. Each sub-sample was placed on a hot plate set at 30ᴈ, heated for 2 hours, and then brought down. 5ml of 

concentrated perchloric acid (HClO4) was added and heated vigorously until the sample became clear, indicating complete 

digestion. 20ml of water was added to the digest, heated gently for just two minutes (2minutes), and then allowed to cool. The 

digest was transferred into a 50ml volumetric flask and made to mark with distilled water ready for mineral nutrients analysis 

(Okafor et al., 2018). 

 

Determination of Total Nitrogen (N) 

Nitrogen (N) was determined from the sample using the semi-micro Kjedhal distillation method (Jackson, 1962). From the 

multiple nutrient digests, 10ml of the sample was gradually introduced (pipetted) into the Markhan distillation apparatus for 

the semi-micro Kjeldahl nitrogen distillation. 10ml of 45% sodium hydroxide (NaOH) was added to the digest and allowed to 

distil out into a 10ml of 4% boric acid indicator through a condenser where about 50ml of the distillate was collected in a 

conical flask and titrated with 0.02 N of H2SO4 to a point. A blank distillation was also carried out and titrated 0.02 N of H2SO4 

to a pink endpoint. The values obtained were used to calculate the percentage nitrogen (%N). 

 

Determination of Nutritive Values 

The ether extract (EE) carbohydrate (CHO) and calorific value (CV) were determined using the procedures of the Association 

of Official Analytical Chemists (AOAC, 1990). Crude fiber (CF) was determined by the Weende method and crude protein 

was by the semi-micro Kjeldahl in accordance with AOAC (1990) standard procedures. The formulas for the determination of 

the various nutritive values are as follows. 

a. Ether extract (EE) (%) =  ρππ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ ρ 

b. % Carbohydrate (CHO) = ρππϷ #0  Ϸ #&Ϸ !ÓÈ Ϸ %%ȣȣȣȣȢȣȣȢȣ ς 

c. Calorific value (CV) (g cal-1) = Ϸ %% ω Ϸ #0τ Ϸ #(/ τȣȢȢȣȣȢσ 

d. %Crude protein (CP) = Ϸ . φȢςυȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȢȣȢτ 

e. % Ash = 
  

   
 ρππȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȣȣȣȣȣȣ υ 

Where: Weight of Ash = Ash + crucible-weight of the crucible 

 

Experimental Design and Analysis 

The nutritive values of four bush fallow fodder plant species in Umudike, South Eastern Nigeria, were determined using a 2x4 

factorial experiment in a randomized complete block design (RCBD) with three replications. The study involved two factors 

which are the leaf types and the four bush fallow fodder plant species studied. The two leaf types are the fresh leaves and leaf 

litters which were randomly selected from bush fallows. Fisher's Least Significant Differences (F-LSD) at P ¢ 0.05 was used 

to determine the significant differences between means.  

 

Results and discussion 

Dry Matter (DM)  

Table 1 shows that the similar dry matter results of M. barteri and N. vogelii were significantly greater than the DM values of 

C. millenii which gave the least result. The DM of N. vogelii and U. chamae were statistically similar. Leaf litter had 

significantly higher DM than fresh leaf, in terms of SXL treatment interactions, the similar DM results of the leaf litters of M. 

barteri, U. chamae, C. millenii and N. vogelii were statistically greater than the DM of the fresh leaves of the four plant species. 

 

Moisture Content (MC) 

Table 1 shows that the fresh leaves of C. millenii had significantly highest MC while N. vogelli had the least. However, the 

MC values of C. millenii and U. chamae; M. barteri and N. vogelii, and U. chamae and N. vogelii were similar. The SXL 

treatment interactions (Table 1) show that the moisture contents of the leaf litters of the four species were significantly lower 

than those of the fresh leaves of the same species. 

 

Crude Protein (CP) 

Table 1 also shows that U. Chamae had significantly higher crude protein (CP) than N. vogelii, M. barteri and C. millenii 

which had statistically similar CP values. Fresh leaf had significantly higher CP values than leaf litter. However, no significant 

differences existed between the CP contents of the SXL treatment interactions (Table 2). 
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Crude Fiber (CF) 

In terms of the species, M. barteri followed by C. millenii had the highest crude fiber content significantly. N. vogelii gave the 

least CF results. Thus, the order in descending magnitude of the various species' CF contents were significantly as follows: 

M.barteri > C. millenii > U. chamae > N. vogelii. Leaf litter had significantly higher CF content than fresh leaves. The SXL 

treatment interactions (Table 1) show that the leaf litter of C. millenii had significantly the highest CF value while the fresh 

leaf of N. vogelii gave the least. Except for the leaf litter of N. vogelii, the leaf litters of M. barteri, U. Chamae and C. Millenii 

had significantly higher CF contents than the fresh leaves of three species. 

 

Ash 

Leaf type (L) and the SXL treatment interactions had no significant effect on the ash content. Uveria chamae had statistically 

lower ash content than N. vogelii and C. millenii. However, the ash contents of U. chamae and M.  barteri were similar (Table 

2).  

 

Table 1: Nutritive values (Dry Matter, Moisture Content, Crude Protein, Crude Fibre, Ash) of leaves and leaf litters of four 

bush fallow fodder plant species in Umudike Nigeria 

Species DM (%)  MC (%)  CP (%)  CF (%) Ash (%) 

 Fresh Litter Mean Fresh Litter Mean Fresh Litter Mean Fresh Litter Mean Fresh Litter Mean 

Maesobotrya 

barteri 

 

94.97 95.99 95.48 5.04 4.01 4.53 19.69 17.84 18.77 8.87 11.44 10.15 5.95 9.35 7.65 

Uvaria 

chamae 

 

92.92 96.09 94.51 7.08 5.17 6.13 24.28 21.44 28.86 6.45 9.71 8.08 6.76 7.14 6.95 

Cola millenii 

 

90.23 95.93 93.08 9.77 4.07 6.92 19.03 18.38 18.71 7.37 11.53 9.45 10.51 5.16 7.84 

Napoleonaea 

vogelii 

 

93.60 95.59 94.59 6.40 4.42 5.41 22.38 17.25 19.82 4.92 4.92 6.51 8.19 8.82 8.51 

Mean 92.93 95.90  7.07 4.42  21.35 18.73  6.90 9.40  7.85 7.62  

 

Table 2: Statistical result for interaction between factors in the experiment nutrient content (Dry Matter, Moisture Content, 

Crude Protein, Crude Fibre, Ash) 

 DM MC CP CF Ash 

Bush fallow species (S) 0.19 1.12 1.16 0.31 0.85 

Leaf type (L) 0.64 0.79 0.82 0.22 NS 

Interaction (SXL) 1.29 1.58 NS 0.44 NS 
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Ether Extract (EE)  

Table 3 shows that, U. chamae and C. millenii had similar ether extracts (EE) which were significantly higher than those of M. 

barteri and N. vogelii. M. barteri gave significantly the least EE. Table 3 also shows that fresh leaf had significantly higher EE 

than leaf litter. The SXL interaction shows that the fresh leaves of M. barteri, U. chamae, C. millenlii  and N. vogelii had significantly 

higher EE values than the leaf litters of the same species. The fresh leaf of U. Chamae had statistically the highest EE while the 

leaf litter of M. barteri had similar EE value with the leaf litter of N. vogelii which was less than the EE values of the fresh leaves 

and leaf litters of C. millenii and U. chamae. 

 

Carbohydrate (CHO) 

Napoleonaea vogelii and M. barteri had statistically similar CHO contents, which were significantly greater than those of C. 

millenii and U. chamae. U. chamae gave significantly the least CHO content. Thus, the order of CHO contents in decreasing 

magnitude as shown in Table 3 is significantly as follows: N. vogelii >M. barteri > C. millenii >U. chamae. Table 3 also shows 

that the fresh leaf had significant high CHO content than the leaf litters. In terms of SXL interactions (Table 4), the leaf litter of N. 

vogelii, followed by C. millenii, had the significantly highest CHO content. The fresh leaf of U. chamae had the least CHO value. 

 

Calorific Value (CV)  

 Table 3 shows that U. chamae gave the highest calorific value (CV) among the browsed plants studied. The CV of C. millenii and 

N. vogelii were statistically similar. However, M. barteri had significantly the least calorific value. In terms of the leaf types, fresh 

leaf had significantly higher CV than leaf litter. The SXL treatment interactions (Table 3) show that the leaf and leaf litter of U. 

chamae had the least CV results significantly. However, the fresh leaves of U. chamae, N. vogelii, C. millenii and M. barteri had 

significantly higher CV than the leaf litters of the four species. 

 

 

Table 3: Nutritive Values (Ether Extract, Carbohydrate, Calorific Value) of fresh leaves and leaf litters of four bush fallow fodder 

plant species in Umudike Nigeria 

Species EE (%) CHO (g)  CV (J/kg) 

 Fresh Litter Mean Fresh Litter Mean Fresh Litter Mean 

Maesobotrya barteri 6.19 3.23 4.71 59.30 58.04 58.67 371.70 332.99 352.35 

Uvaria chamae 10.07 4.69 7.38 52.44 57.02 54.73 397.51 356.05 376.78 

Cola millenti 9.15 5.02 7.09 53.44 59.92 56.68 372.23 358.34 365.29 

Napoleonaea vogelii 6.83 3.68 5.26 58.19 62.14 60.17 381.71 350.74 366.23 

Mean 8.06 4.16  55.84 59.28  380.79 349.53  

 

Table 4: Statistical result for interaction between factors in the experiment Nutrient content (Ether Extract, Carbohydrate, Calorific 

Value) 

 EE CHO CV 

Bush fallow species (S) 0.44 1.51 2.74 

Leaf type (L) 0.67 0.06 4.15 

Interaction (SXL) 1.34 0.99 08.31 

 

The dry matter (DM) values (93.08-95.48%) of the four bush fallow fodder species were within the range reported by Waziri (2013) 

except for crude protein value, which ranged from 4.19 -7.12%. The species' relative moisture contents (MC) show the need for 

inclusion/incorporation of the species into fodder banks as moisture supplies necessary minerals and helps plants in growth and 

development (Attah-Krah, 1989). The crude protein (CP) values (18.71-22.86%) agree with Omokanye et al. (2001). Since research 

has shown that fodder trees and shrubs can be considered a supplement to protein-deficient pastures (Cheema et al., 2011), the 

findings of this study show that the species studied are enormous potential sources of protein for ruminants in the tropics. 

The crude fiber (CF) contents (6.51-10.15%) were lower than the results (20-30%) obtained by Miraglia et al. (2008). The values 

obtained for ash (6.95-8.51%) were greater than the ash results of 1.66% and 1.48% reported by Onyekwelu et al. (2015) for seeds 

and fruits of Chrysophyllum albidum, respectively. 

The ether extract values (4.71-7.38%) were lesser than an average of 14.1% and 34.7% reported by Silva et al. (2011) for forage 

and concentrates, respectively. The carbohydrate (CHO) value (54.73-60.17%) and the calorific value (CV) of (352.35-376.78g 

J/kg) are within the range of 51.9% and 351.30 J/kg, respectively reported by Antia et al. (2006). 

The variability observed among the nutritive values of the four fodder plant species studied could be due to the genetic 

characteristics of the species, site factors, species age, etc. However, the results obtained indicate the high potential of leaf litters 

in the tropics, especially during the dry season and periods of environmental stress. 
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Conclusion and recommendations 

This study has provided information on the nutritive values of four bush fallow fodder plant species commonly found in Umudike, 

Nigeria. The results of this study have shown that the four bush fallow species studied have comparatively good nutritive values, 

especially Uvaria chamae (which gave the highest results significantly). This makes them highly recommended for incorporation 

into fodder banks and home gardens and encourages bush fallows and alley farms to overcome livestock nutrition problems. The 

results further show that these species' fresh leaves and leaf litter could be used to overcome seasonal feed shortages. Therefore, 

the information provided in this study will help enhance the overall development, management, and production of fodder banks 

and livestock production in the humid tropics. 

The study recommends that the fodder species studies should be established in fodder banks, home gardens, and alley farms, while 

bush fallows should also be encouraged to reduce farmers-herders clash. Also, leaf litter of the studied species should be used as 

supplementary feed for livestock during the dry seasons.  Furthermore, the agronomic evaluation, including seed production and 

seed storage techniques of the four studied fodder species and other potential fodder species, should be embarked upon to encourage 

their growth and development in fodder banks. Therefore, further research should be conducted on the food and industrial utilization 

potentials of these four studied fodder species and other browse plants as there is a need to incorporate these studied fodder species 

in livestock feed composition to boost the nutritive value of the feed given to animals since this will enable them to grow healthy, 

attain maturity on time, and increase livestock production in the country. 
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Abstract 

Forests provide enormous opportunity, Research have shown that forest being a vast source of plant, microbial material and 

medicine especially for developing continent. The use of forest can enhance well-being by reducing health care budget and 

enhancing lives. Issues in providing health from forests are due to various factors ranging from ecosystem and biodiversity 

degradation, deforestation and climate change. More so research findings are inadequate, As a result of poor policy-making and 

personnel knowledge of the benefit of green areas in enhancing human health. Ln this regard, there should be a synergy between 

health and environmental professionals in different sectors. 

 

Keywords: Forests, Human health, Bioactive compounds, Forest food, infectious diseases. 

 

 

Introduction  

Green spaces and trees provide sufficient ecosystem services thereby enabling a good living environment and reintroducing 

degraded ecosystems. Apart from tangible products, Green areas for instance mitigate floods, droughts and the effect of noise, 

purify water, bind toxic substances, maintain water quality and soil fertility, aid in erosion control, protect drinking water. 

Moreso ecosystem services and goods that trees supply are endangered by deforestation, pollution, biodiversity degradation and 

climate change. 

The effect of green areas on human well-being is a case not very visible very within the framework of biodiversity, climate 

change, poverty and human well-being. This review aims to contribute to the subject about human well-being, ecosystem services 

and biodiversity by emphasing on the relationships between forests and human well-being. 

 

1. Green areas improve physical and mental health 

Instances of poor health have increased in cities due to urbanization and modern living related to high in active lifestyle and 

physcological stress. Lately, the benefits of green areas in promoting human well-being has been known ( Bjork et al, 2008, Coifer 

et al, 2006, Dulger et al, 2004, Hakkinen et al,1999, Hartig et al,2003.) 

Natural and green spaces enhance physcological and physiological well-being in many ways: Green areas aid in minimizing stress, 

promote both mental and physical recovery.Green areas may help in corping ill-health caused by mental processes such as stress 

and in curing cases such as burn-out and depression. (lrvine et al, 2002.). 

Some survey report that Green areas enhance well-being ( Hartig et al, 2006 ).These facts, for instance lower levels of blood 

pressure, heart rate, skin conductivity and muscle tension in green settings than in urban areas( Hartig et al, 1991.).Some studies 

show that activities in can alleviate the signs of attention-deficit/hyperactivity disorder (AD/HD) in children (Herzog et al, 

2003.).The knowledge on the good health effects of green settings in urban areas are weakened by increased buildings and land - 

use changes.The insight on the positive health effects of forests needs to be better integrated into land-use planning in order to 

protect green settings near homes. 

2. Green areas provide bioactive components and drugs. 

Forest gives rich source of substances that can be used in pharmaceutical and nutraceuticals.Tree and plant extracts have various  

bioactive compounds such as polyphenols (including flavonoids, phenolic acids, tannins), phytoestrogens ( including lignans ), 

stilbenes, carotenoids,sterols,etc( John et al 2006.) which has biological activities such as anticancer activity,antiatherogenic and 

antioxidant benefit ,for instance xylitol,which can treat tooth decay (dental caries) ( John et al 2006.),is sourced from hardwood 

trees.The health benefit of mushrooms is a global convention mostly in Asian countries.Fungi are known to have high medicinal 

benefit ( Kreuels et al,2008 ).Macrofungi have antimicrobial effects, they tend to suppress the growth of bacteria, fungi,protozoa 

and cancerous cells ( Kuo et al, 2004 ). It should be known there has been a sequence of facts where known antitumor agents have 

been manufactured by fermentation of endophytic fungi isolated from plants ( Lindequist et al, 2005 ).One of the issues affecting 

this use in recent times is the declining rainforests, which harbors a large source of new  bioactive substances.. While sourcing for 

medicinal plants and pharmaceuticals, the rights and living of local indigenes and communities should be considered. (Irvine et al, 

2002). 

3.  Food security is assured by the forest. 

Natural environment helps to fight inadequate and infections of the less privelage people in low-income countries.  Food from the 

forest gives a safety in case of food scarcity and alleviates lack of proper nutrition. Most foods from the forest are fruits, nuts, 
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wild leaves, palms, wild roots and tubers, mushrooms and insects.  Foods from the forest gives proteins and fat, carbohydrates, 

vitamins and minerals (Irvine et al, 2002 ). 

Conservation of green spaces and woodlands is beneficial for the provision of forest food. The conventional ideas of local 

people and communities in getting foods from the forest and medicine from forest plant species should be given more 

cconsideration. Sustainable forest practices that maintain important species and their food value need to be enhanced and 

known (Moutsatsou, 2007). 

4. Forest- associated infection and dangers 

Inhabitants of forest areas may encounter forest-associated diseases include the pathogen, the vector and the human. The 

vectors are mostly insects, could also be mammals. Examples of forest related diseases are Puumala virus (PUUV), Lyme 

borreliosis, Hantaviris cardiopulmonary syndrome (HCPS), Malaria are related with forests, which are the favorite sites for 

vector and host populations ( Newman et al, 2007 ). Deforestation outcome has brought about the replacement of volatile 

vector vector for instance when mosquito species decreases, the existing surviving  species are more volatile vectors for 

malaria .The synergy between forest ecosystem and disease transmission is complex. Restoration of forest ecosystems is of 

importance, but is not enough to cause an epidemic. (Zell, 2004 ). 

 

Conclusion 

Despite the incorporation of research outcome into policy making and actual work, most implementation of research outcome is 

not sufficient. The benefit of stress-reducing effects of green spaces is not yet known and only a percentage of pharmaceutical and 

nutraceutical compounds obtained from forests is known.While the conventional idea of indigenous communities in forest foods 

and medicine is not documented enough .forest plant species is not recorded to a sufficient extent.There should be a synergy 

between medicine obtained from forest species for pharmaceuticals and sustainance of local indigenes.forest species for 

pharmaceuticals and maintaining local livelihoods. Moreso the enhancement of research and ideas about the health effects of forests 

calls for strong synergy among stakeholders,most especially the health and environmental professionals. 
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Abstract 

Forests are endowed with natural resources for mans of survival. In periods of socioeconomic disruptions, forest serve as natural 

insurance to providing mansô need. This study examined the impact of forest in rescuing rural household from hardship during the 

covid-19 pandemic.  Two villages were selected each from six towns in Ughelli North Local Government Area purposively on their 

proximity to forest. Twenty five household were randomly selected from each village and interviewed using structured 

questionnaire. Data on forest resources utilized and their exploitation rate were collected. Descriptive statistics was used to analyse 

forest resources utilized, a 3 point likert scale was used to rate the level of resources exploitation while Chi-square tested the 

association of residence and exploitation rate of forest resources. Most (77.3%) respondents were indigene of the community, 

married (69.3), have household size of 5-8 (58.0%), do not have personal land (63.3%) and migrated to the community (65.7%). 

Resources utilized from forest served as medicine (Garcinia kola, Senna alata), fuelwood, protein (Agaricus bisporus, Neotragus 

pygmaeus, Cirrhinus molitorella) and substrate for raising other crops (forest land). Exploitation rate of bush-meat (2.36±0.05) 

and Forest land (2.28Ñ0.07) were high. The ɢ2 result displayed significant association between resident and rate of forest resources 

exploitation with values of 8.12 and 38.13 for bush-meat and forest land, respectively. The increased utilization of forest land 

heightened deforestation a major anthropogenic activity of climate change. Forest land restoration with increased community 

involvement is recommended for forest conservation and resource. 

 

Keywords: Forest community livelihood, Natural Insurance, Forest Resources, Deforestation, Climate Change 

 

 

Introduction  

The Covid-19 pandemic caused untold disruption to socio-economic activities globally. The lockdown approach to managing the 

virus from spreading further instilled countless hardship to man (FAO, 2020). The ripple effect of this approach was public health 

challenge and brief economic recession (FAO, 2021). Developing countries were worse hit as facilities to cater for citizensô were 

not in place. Households were exposed to hunger, inaccessibility to medical help, zero to no income and depressions in some worst 

case scenario (Egger et al., 2021). The pandemic also had multiple impacts on forest resources, the forest sector and forest 

dependent communities. However, the pandemic highlights the usefulness and worldwide necessity for forest and its products 

(Pebke et al., 2020). 

Forests an eminent resource to manôs survival from creation till date and shall be for years to come in provisioning, protecting, 

regulating and various cultural and spiritual functions (Ohwo and Nzekwe-Ebonwu, 2021). Provisioning, forest house various fauna 

and flora species use by man for food, shelter, furniture, medicine and income (Ohwo et al., 2021). The forest land and soils serves 

as fertile ground for cultivating various domesticated crops and minerals such as calcium, potassium, fine clay and precious stones 

are all obtained from forest soils.  In Nigeria, 51.4 % of rural household obtain about 20 percent of family income forest provides 

(Ohwo and Nzekwe-Ebonwu, 2021) and serves as natural insurance to rural communities in times of disaster.  

Rural dwellers have a noticeable tie with forest and retain traditions between human and nature on the basis of meeting basic need 

and saving the environment for posterity (Sajeva et al., 2019). They obtain fuel-wood, vegetable, protein (snail, bushmeat, fish, 

mushroon), and crops cultivated via agro-forestry systems to survive (Ohwo et al., 2021) in times of unavailability of market and 

products. With the announcement of a global lockdown during the Covid-19 pandemic, individuals perceiving the imminent hunger 

decided to secure a safety nest by moving from city to their respective villages as a result of accessibility to forest resources for 

survival especially with the heightened price and scarcity of food (Osahon, 2020). Delta State was no exception as citizens flocked 

in from various part of the country. Literature capturing the forest resources utilized by rural dwellers during the lock down period 

in Delta State is limited. This study examined the impact of forest in providing the basic need of rural dwellers during the global 

lockdown period in Delta State x-raying the forest resources utilised by the rural dwellers and prioritised the forest resources 

according to the rate of exploitation for immediate management.  

 

Materials and Methods 

Data were collected from rural household in Ughelli North Local Government Area of Delta State. Two villages were selected from 

six towns (Ododegho and Ujode from Ughelli; Ehwahwa and Ihwrejdu from Agbarha-Otor; Ejekuta and Ovwodokpokpo from 

Ogor; Unenurhie and Ivwrorode from Evwreni; Ogode and Ohoro from Owheru; Okan and Ophori from Agbarho) purposively 
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based on their proximity to the forest. Twenty five household were randomly selected from each village and interviewed for the 

study. A total of 300 rural dwellers were interviewed for the study. 

 

Data analysis 

Descriptive statistics of table, frequency and percentage occurrence was used to identify the forest resources utilized by rural 

dwellers while a three point likert scale was used to rank the level of forest resources exploitation as high (3), medium (2) and low 

(1). A mean score of 1.5 was used to rank forest resources utilization as over exploited or under exploited. Chi square test was used 

to check for degree of association between residence (resident and non-resident) on intensity of the most exploited forest resources 

using the model below 

 

…  В  ..........................................................................Equation (1)  

Where, 

ɢ2 = Chi square 

O= observed frequency 

E= Expected frequency 

  

Results and Discussion 

The demographic characteristic of rural household present in Table 1 shows that majority 45.3% were within the age bracket of 

41-50 years, 54.0% were male, 69.3% were married, 46.7% were involved in other religion, 75.3% were secondary school 

certificate holder, 58.0% have family size of 5-8, 56.0% were farmers, 37.3% receives 11000-30000 income monthly, 63.3% of 

the respondent do not have personal land with 77.3% members of the community. About 65.7% of the people do not reside in the 

community. The dominance of youths in rural communities and non residents during this period was due to reverse migration of 

families from cities to villages whose jobs were affected by the pandemic and depend mainly on forest products for survival 

(Osahon, 2020; Egger et al. 2021). This dependence was further stimulated by family size of respondents. The unnoticeable 

difference between the male and female plaintiff indicates the collective effort of parents to meet household need. Basically, the 

males were more involved in hunting, collection of fuel-wood and clearing of forest land for farming while the females focused on 

collection of NTFPs, fruits and medicinal herbs for their household (Ohwo et al. 2021). However, all members of household were 

involved in planting of arable crops on forest land. The utilization of forest land for food production was unavoidable as majority 

of the plaintiff do not have access to land. Hence, they rely solely on the forest land for crop/food production for their household, 

a major reason for migrating from city to community to combat the challenge of food insecurity and low income (Egger et al. 2021) 

 

Table 1: Demographic characteristics of rural dwellers 

Variable Frequency Percentage Variable Frequency Percentage 

Gender   Monthly income   

Male 162 54.0 less 10000 20 6.7 

Female 138 46.0 11000-30000 112 37.3 

Total 300 100.0 31000-50000 70 23.3 

Marital status   above 50000 98 32.7 

Single 24 8.0 Total 300 100.0 

Married 208 69.3 Occupation   

Widow 46 15.3 Farming 168 56.0 

Divorced 22 7.3 Trading 48 16.0 

Total 300 100.0 civil servant 74 24.7 

Age   Others 10 3.3 

20-30 24 8.0 Total 300 100.0 

31-40 106 35.3 Personal land   

41-50 136 45.3 Yes 110 36.7 

above51 34 11.3 No 190 63.3 

Total 300 100.0 Total 300 100.0 

Religion   household size   

Christianity 108 36.0 1-4 84 28.0 

Islam 52 17.3 5-8 174 58.0 

Others 140 46.7 above 9 42 14.0 

Total 300 100.0 Total 300 100 

Education   Community indigene   

Primary 62 20.7 Yes 232 77.3 

Secondary 226 75.3 No 68 22.7 

Tertiary  12 4.0 Total 300 100 
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Total 300 100.0 Reside in community    

   Yes 103 34.3 

   No 197 65.7 

   Total 300 100 

Source: Data analysis (2021) 

 

Forest resources utilized by rural dwellers during the covid-19 lockdown 

The result of the forest resources utilized by rural dwellers during the Covid-19 lockdown presented in Table 2 shows that 94.7% 

of rural dwellers utilized forest resources during this period (Pebke et al., 2020). Table 3 show that leave, fruits, wood and stems 

of various forest trees were utilized. Proteins in form of bush-meats (Cercopithecus mona, Phacochoeurus africanus), fishes, 

mushrooms and edible worms were utilized as source of food and income. Wood of Daniella ogea, Senna alata, Hevea brasileiensis 

and Terminalia superba were used as source of energy (fuelwood and charcoal), leaves and roots of Magnifera indica, leaves of 

Moringa oleifera, Cymbopogon citrates and Citrus aurantiifolia were boiled and used as medicines as reported by Adeyemi et al., 

(2015) and Walter et al., (2021). The forest land was used to grow vegetables such as Talinum triangulare, Amaranthus retroflexus, 

Ocimum gratissimum and short span cereals such as Zea mays (Table 3) for immediate consumption by rural dwellers to boost 

immunity of the body against the virus. As instructed by health practitioners, individuals are to improve their immune level by 

consuming fruits and vegetables as well as being hydrated (Shakoor et al. 2021). Importantly, these products were scarce in the 

markets and when available, the prices are outrageous. The forest fertile land was the only alternative for rural dwellers to grow 

and access veggies during this period.   

 

Table 2: Forest resources utilized by community during the Covid-19 lockdown 

Variable  Frequency Percentage 

Utilized forest products    

Yes 284 94.7 

No 16 5.3 

Total 300 100.0 

Forest resources utilized   

Did not use any forest product 16 5.3 

Timber 33 22.0 

Forest land  53 17.6 

Bush-meat 10 3.3 

Herb 16 5.4 

Firewood 22 7.3 

Fish 10 3.3 

Forest fruit 24 8.0 

Herbs and snail 38 12.7 

Timber and bush-meat 2 0.7 

Firewood and herbs 4 1.3 

Bush-meat, herbs, mushroom and forest fruit 24 8.0 

Herbs, snail and firewood 20 6.6 

Timber and herbs 28 9.3 

Total 300 100.0 

      Source: Data analysis (2021) 

 

Table 3: Forest resources, part harvested and uses 

S/N Scientific name Common name Part harvested Uses 

 Forest resources    

1 Lophira alata Ironwood Stem Sold and fuelwood 

2 Nauclea diderrichii Opepe Stem Sold 

3 Entandrophragma cylindricum Mahogany Stem Sold 

4 Daniella ogea Rice leaf Leaf Sold 

5 Juglans regia Walnut Fruits Sold/medicine 

6 Piper guinensis Uziza Leaf Sold 

7 Garcinia kola Bitter cola Fruits Fruits and herbs 

8 Terminalis ivorensis Black afara Stem Sold 

9 Terminalis superb White afara Stem Roofing 

10 Senna alata Candle bush Leaf and root Medicine (pile) 

11 Milicia excelsa   Iroko Stem Sold 
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12 Magnifera indica Mango tree Root and 

leaf(herbs) 

Medicine ( malaria) 

13 Ceiba petandra silk cotton tree Stem Sold 

14 Agaricus bisporus Mushroom Full Protein 

15 Irvingia wombolu Ogbono Fruits Soup 

17 Monodora myristica Local nutmeg Fruits Spices/sold 

18 Spondia mumbi Hug plum Fruits Fruits 

19 Pseudotsuga menziesii Cone wood Stem Sold 

20 Moringa oleifera Moringa Leaves and fruits Medicine 

 Wildlife resources    

21 Achatina marginata Snail Full Protein 

22 Neotragus pygmaeus  Antelope Full Protein 

23 Cercopithecus mona Monkey Full Protein 

24 Cirrhinus molitorella Mud carp (fish) Full Protein 

25 Clarias gariepinus Tilapia Full Protein 

26 Synodontis sorex Catfish  Full Protein 

27 Pleurotus tuberregium Mushroom Cap and gills  Medicine (headache) 

28 Termitomyces microcarpus Mushroom Cap and gills Medicine (Malaria) 

29 Sylvicapra grimmia Duiker Full Protein 

30 Phacochoeurus africanus Warthog Full Sold 

31 Artherurus Africana Porcupine Full Sold 

32 Oryctolagus cuniculus Rabbit Whole Eaten/sold 

33 Thryonomys swinderianus Grass-cutter Whole Eaten/sold 

 Resources from forest land    

34 Cymbopogon citrates Lemon grass Leaves Medicine 

35 Citrus aurantiifolia Lime Fruits and leaves Medicine 

36 Amaranthus retroflexus Green vegetable Leaves Vitamins 

37 Telfairia occidentalis Pumpkin  Leaves Vitamins 

38 Ocimum gratissimum Scent leaves Leaves Medicine, spices 

39 Talinum triangulare Water leaves Leaves Vitamins/food 

40 Vernonia amygdalina Bitter leaves Leaves Food/medicine 

41 Zea mays Maize Fruit/silk Food/medicine  

42 Abelmoschus esculentus Okra Fruits Food/sold 

Source: Data analysis (2021)  

 

Prioritized forest resources according to exploitation rate 

The result of exploitation rate of forest resources by rural dwellers during the lockdown as shown by their mean values is presented 

in Table 4. The exploitation rate of bush-meat (2.36±0.05), Forest land (2.28±0.07), Iroko (2.24±0.06) were high while snail 

(1.42±0.05), fuelwood (1.39±0.05) and fish (1.28±0.04) were low. Saidur et al., (2021) and Brancalion et al., (2020) reported that 

the rate of wildlife killing during this period was high in Bangladesh and deforestation rate increased globally, respectively. An 

overall mean of 1.66±0.01 shows a medium rate of resources exploitation in rural communities. The percentage response of the 

community dwellers on exploitation rate of forest resources shows that Forest land (43.3%) and Iroko (43.3%) were highly 

exploited, followed by bush-meat (46.7%) and Moringa (46.7%) with medium exploitation rate (Table 5). The above observation 

validates reports of Escobar (2020) and Walter et al., (2021) who reported that rural household in nations with rich ecosystems 

results in land clearing, illegal logging, hunting and exploitation of medicinal herbs from the forest. The conversion of forest land 

to farmlands is a major cause of deforestation.  Saidur et al., (2021) reported that 2500 hectares of forest land was cleared in Taknaf 

and Ukhiya sub-districts of Bangladesh.  

 

The heightened rate of deforestation is a major cause of climate change. Deforestation increased by 63.0% in America, 136.0% in 

Africa and 63.0% in Asia-Pacific (Brancalion et al. 2020). For continuous supply of the benefit of forest estate, there is need for 

forest land restoration. Forests function to regulate air and sinks carbon via wood production (Arshas et al. 2014). Globally, 

deforestation affects the absorption of CO2 by forest trees and soils. Forests regulate worldwide climatic pattern via biological, 

chemical and physical, chemical, and biological course which controls atmospheric structure, hydrological cycle and temperature 

permanence (Bennett, 2017). Measures such as intensive agro-forestry and afforestation activities should be carried out to restore 

forest land to its original use.  
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Table 4: Prioritized natural resources according to exploitation rate 

Forest resources Mean Standard error 

Bush-meat 2.36 0.05 

Iroko 2.25 0.06 

Mahogany 1.77 0.07 

Forest land 2.28 0.07 

Silk cotton tree 1.70 0.05 

Rice leaf 1.69 0.06 

Opepe 1.67 0.06 

Conewood 1.67 0.05 

Uziza 1.62 0.06 

Moringa 1.54 0.05 

Hug plum 1.57 0.06 

Mushroom 1.57 0.04 

Ironwood 1.54 0.07 

Candle bush 1.51 0.05 

Walnut 1.48 0.05 

Herb 1.46 0.05 

Bitter cola 1.42 0.05 

Snail 1.42 0.05 

Fuelwood 1.39 0.05 

Fish 1.28 0.04 

Total mean 1.66 0.01 

N.B: 3 (high), 2 (medium) and 1 (low) 

 Source: Data analysis (2021) 

 

Table 5: Percentage response of respondent on rate of exploitation of resources during covid-19 lockdown 

S/N Variables High Medium Low 

1 Ironwood 64(21.3) 34(11.3) 202(67.3) 

2 Opepe 48(19.3) 86(28.7) 156(52.0) 

3 Mahogany 80(26.7) 72(24.0) 148(49.3) 

4 Rice leaf 54(18.0) 100(33.3) 146(48.7) 

5 Walnut 18(6.0) 108(36.0) 174(58.0) 

6 Forest land  130 (43.3) 126 (42.0) 44 (14.7) 

7 Uziza 42(14.0) 102(24.0) 156(52.0) 

8 Moringa 116 (38.7) 134 (46.7) 50 (16.7) 

9 Bitter cola 28(9.3) 70(23.3) 201(67.3) 

10 Snail 28(9.3) 70(23.3) 202(67.3) 

11 Bush-meat 134(44.7) 140(46.7) 26(8.7) 

12 Fuelwood 12(4.0) 94(31.3) 194(64.0) 

13 Candle bush 26(8.7) 102(34.0) 172(57.3) 

14 Iroko 130(43.3) 114(38.0) 56(18.7) 

15 Fish 6(2.0) 72(24.0) 222(74.0) 

Source: Data analysis (2021) 

 

The Chi-square result of the association between resident in the community and the most exploited forest resources presented in 

Table 6 displayed significant association between resident and rate of forest resources exploitation with (ɢ2) values of 8.12 and 

38.13 for bush-meat and forest land but no significant relationship was evident for Iroko (3.44). A weak strength of association 

was observed with Phi values of 0.36 (forest land) and very weak association of 0.17 (bush-meat) and 0.11(Iroko) between residence 

in the community and exploitation of the listed forest resources. The above finding relates the finding of Ohwo et al., (2021) who 

observed a weak and very weak association in profit and educational level of traders of non wood forest products in Asaba, Delta 

State.  
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Table 6: Association of Resident and Exploitation Rate of Forest Resources  

Variables Values Degree of Freedom Asymp. Sig. 

Bushmeat *8.12 2 0.02 

 ^0.17 2 0.02 

Forest land *38.13 2 0.00 

 ^0.36 2 0.00 

Iroko *3.44 2 0.18 

 ^0.11 2 0.18 

Source: Data analysis (2021) 

* = Pearson (ɢ2) value (significant association)  

^ = phi value (strength of association) 

 

Conclusion 

Forests and its resources are phenomenal in the survival of man in times of emergencies. The covid-19 pandemic has further proved 

the importance of forest in providing meat, herbs and fruits for man. The forest land served as fertile ground for the growth of 

arable crops in Ughelli North Local Government Area of Delta State. However, these benefits were without destruction of the 

forest. Deforestation was prominent in the use of the forest by rural dwellers (migrant and residents) during this period thus 

contributing to climate change. For the continuous supply of the benefit of the forest, forest land restoration needs urgent attention.  

 

Recommendations 

Integrated forest management technique can be an effective strategy to mitigate the increasing effect of deforestation on climate 

change as a post Covid-19 recovery method for the forestry sector. Forest land use and forest fortification instructions should be 

applied earnestness and with approval from the community. The need to communicate the importance of protecting the forest and 

administer training to volunteers of the community is important to attain successful forest restoration and conservation. 
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Abstract 

African ecosystem comprises a variety of flora and fauna which constitute about 20 percent of all known species in the world. 

However, unsustainable land use practices and increased human pressure on natural resources have led to environmental 

degradation, climate change and loss of biodiversity. This has threatened and distorted ecological balance, resource conservation 

and management. This paper reviews and highlights the importance of agroforestry practices in all ramifications especially as they 

relate to climate change. To mitigate climatic challenges and maintain a healthy and sustainable environment, the adoption of 

sustainable agroforestry practices, therefore, becomes a viable option and strategy 

 

Keywords: Sustainability, Environment, Agroforestry, Ecosystem, Climate change 

 

 

Introduction  

Climate change is a global phenomenon that imposes economic, social and ecological challenges on the global community. It is 

unarguably the most threatening environmental, social and economic threat facing sub-Saharan African countries today stimulating 

discourses with respect to the causes, long-term effects, as well as how to forestall its prolonged and frustrating impacts (Ozor et 

al, 2015). Climate change refers to a change in the state of the climate that can be identified by variability in the mean of its 

properties (average temperature, wind and rainfall patterns) that persists for an extended period (IPCC, 2007). Climate change 

distorts ecological balance and affects functional habitat networks of the natural environment. Its impacts such as rising temperature 

and declining rainfall in combination with other indicators could result in shifting of ecological zones and an overall reduction in 

ecological productivity in Africa.  

The evidence of climate change manifests when there is an increase in ocean temperature due to excess carbon dioxide in the 

atmosphere, melting ice in the Arctic, and melting glaciers around the world; we equally experience irregular rainfall, flooding, 

and rising sea levels, intense drought and desertification. According to Oloyede (2008), the interaction of man with the environment 

through human-induced activities such as agriculture; deforestation; burning of fossil fuel etc. generates greenhouse gas emissions 

which builds up in the atmosphere and act like a blanket wrapped around the Earth, trapping the sunôs heat and raising temperatures 

causing climate change. Its consequences are more pronounced in African societies because of its geography, its sole dependence 

on rain-fed agriculture, high level of poverty and its generalized incapacity to cope with the extremes of climate (Amonum et al., 

2009). Mitigating the impacts of climate change, however, becomes crucial for developing countries.  Based on this, Kalu et al., 

(2014) suggested the need to plant and grow more trees due to their numerous contributions to climate change, ecological balance, 

food production and medicine.  

There is an increased concern at the highest international policy levels about the sustainability of the ecosystem in the light of the 

apparent rapid depletion of the natural resources base and this has brought agroforestry even further into the limelight (FAO, 2004). 

Agroforestry simply represents a combination and interrelationships between people, domestic animals, crops and trees, designed 

to rehabilitate land or to sustain and increase the production of certain desired social benefits. Thus, Agroforestry concerns the 

structure and functioning of the human ecosystem and not merely the biophysical system (Khot, 1999). This has been reported to 

contribute to climate change mitigation. Climate inconsistencies and ecological imbalances, however, can be restored and buffered 

by agroforestry practices. Even though agroforestry is not primarily designed for carbon sequestration, research has revealed that 

it is a unique and sustainable measure of maintaining ecological sustainability and increasing carbon stock in the terrestrial 

biosphere (Jacob et al., 2013). Nair (2011) described agroforestry as a collective term for land use systems and technologies where 

woody perennials are deliberately planted on the same land management unit as crops and animals in some forms of spatial 

arrangements or temporal sequences with implied ecological and economic interactions between the different components including 

social and economic benefits. Agroforestry is a problem-solving land management system that accommodates the production of 

foods and forest products on the same piece of land. The application of Agroforestry science plays a potential role in achieving 

ecological balance and sustainability. It has been recognized as a mitigation and adaptation strategy for African smallholder farmers 

at risk of the impacts of climate change (Adekunle, 2009). Human activities that adversely affects the ecosystem and biodiversity 

are increasingly causing ecological shifts and degradation. Recognizing the potentials of agroforestry systems to address multiple 

ecological, social and economic challenges, this paper further review the importance of agroforestry systems in environmental 

sustainability and climate change mitigation. 
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Classification of Agroforestry Systems  

Agroforestry can be classified into three main groups on the basis of components which can be combined in numerous spatial and 

temporal arrangements for different functions (Nair, 2011). The classes of the systems are described below: 

¶ Agrisilviculture system: This is the integration of annual and perennial crops with woody perennials 

¶ Silvopastoral system: This is the combination of trees with pastures/animals 

¶ Agrosilvopastoral system: This is the integration of all the three elements namely- crops, trees and pastures/animal  

 

Benefits of agroforestry systems 

The deliberate incorporation of trees into the farming system has enormous potential to moderate the impact of climate, restore 

ecological balance and ameliorate environmental challenges. Agroforestry is increasingly promoted for restoring degraded 

environments, reducing greenhouse gases, enhancing food security, abating the impact of drought, preventing desertification, 

increasing soil organic matter and moderating micro-climate (Richards et al., 2009). Agroforestry systems improve ecological 

resilience to climate change impacts through the following: 

- Regulation of micro-climatic condition  

 There is the steady rapid depletion of natural resources through human activities that has a striking effect on the 

environment. This results in climate change. Trees are naturally equipped to sustain the health of the environment by regulating 

climate both at local, regional and global levels. Microclimatic improvement through the use of trees as shelterbelts and windbreaks 

controls high climatic temperatures. Trees produce atmospheric moisture, regulate the ecosystem and protect biodiversity. Trees 

reduce atmospheric carbon dioxide (CO2) by sequestering carbon in the biomass of trees and reducing the concentration of the 

atmospheric greenhouse gases that induce global warming. Trees also provide green cover via shade which regulates the 

atmospheric temperature through evapotranspiration and breeze. Research has shown that climate change mitigation goals cannot 

be met without the incorporation of trees on farmlands and improved sustainable forest management (Federici et al., 2017).  

- Enhancement of Biodiversity 

 Loss of biodiversity affects ecological quality and sustainability and makes the ecosystem vulnerable to the 

consequences of climate change. Traditional agroforestry systems conserve biodiversity through in-situ conservation of tree 

species on farmlands, provision of suitable habitat for plant and animal species on farmlands and protection of forest estates and 

forest resources. Agroforestry is recognized as a panacea for the conservation and enhancement of biodiversity globally, 

especially in tropical areas. 

- Restoration of degraded land 

 Trees act as environmental buffers by absorbing and inhibiting the formation of secondary pollutants in the ecosystem 

and keeping the ozone concentration at a level that is not hazardous to a human thus, contributing to environmental sustainability 

and stability. Agroforestry systems play an intrinsic role in increasing soil organic matter through the decomposition of leaves and 

twigs litter. It improves soil structure, increases soil nitrogen content and enhances nutrient retention by making the soil suitable 

for arable crops. Oke and Kadeba (2001) observed that alley cropping on sloppy land strengthens soil physical properties, restores 

degraded lands, and reduces soil erosion and runoff. Agroforestry practices such as alley cropping and improved fallow yield more 

benefits for soil productivity. 

Environmental sustainability and climate change mitigation through agroforestry practices 

With the increasing effect of unsustainable land use practices and anthropogenic pressure on natural resources in the country, 

agroforestry, therefore, becomes a viable option and strategy for restoring ecological balance, mitigating climate change and 

maintaining biodiversity. To ameliorate environmental challenges, it is essential to adopt the under-listed sustainable agroforestry 

practices: 

- Taungya System: This is a forest plantation establishment system in which forest trees are raised in combination with 

the temporary cultivation of crops. Many lands have been degraded due to economic development activities such as; 

mining, irrigation, agricultural activities etc. There is a need to restore ecological balance and improve the capacity of 

the environment to meet the needs of the people.  Planting of trees can be used to repair these damages caused by human 

activities. Trees used in the Taungya system include Tectona grandis, Gmelina arborea, while crops like Vigna 

unguiculata, Brassica spp, Gossypum spp and others can be grown in conjunction with these forest trees.  
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Plate 1: Taungya System 

      (Source: Williams et al., 2022) 

 

- Improved Fallow: Fallowing is defined as leaving a land that is normally cultivated temporarily uncultivated.  An 

improved fallow is thus defined as the enrichment of a natural fallow with trees, shrubs or herbaceous legumes planted 

at high density to improve soil fertility, restore degraded lands, control soil erosion and reduce runoff (Jacob et al., 2013). 

Examples of leguminous woody species that can be used include Acacia spp, Gliricidia sepium, Parkia biglobosa, 

Prosopis africana, Pterocarpus angolensis. Grain and forage legumes that can be planted in the understorey include 

Sesbania sesban, Tephrosia vogelii, Pisum sativa, Vicia faba etc.  

-  

 
Plate 2: Improved Fallow 

               (Source: Williams et al., 2022) 

 

- Shelterbelt Establishment: These are strips of trees, shrubs and vines planted closely together along the edges of 

croplands to shield crops from adverse weather like winds and storms. This system was described by Otegbeye and 

Famuyide (2005) as an important land use system commonly adopted by farmers in the arid and semiarid regions of 

Nigeria to control wind erosion, increase soil organic matter and strengthen soil physical properties. Examples of trees 

used for shelterbelt include Azadirachta indica, Acacia senegal, Eucalyptus camadulensis, Acacia albida, etc. 
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Plate 3: Shelterbelt Establishment 

             (Source: Williams et al., 2022) 

 

- Alley Cropping: Alley cropping is also known as Hedge row intercropping. It is a simultaneous Agroforestry system 

where food crops are grown between hedge rows of planted shrubs and/or trees, preferably leguminous species.  Rows 

of trees are planted at wide spacing with a companion crop grown in the alleyways between the rows. Species are 

periodically pruned to prevent shading of the companion crops and the pruning is applied as mulch to the crops to 

enhance the soil nutrient status and physical properties.   

 

-  
Plate 4: Alley Farming/cropping 

                       (Source: Williams et al., 2022) 

 

- Homestead Planting of Trees: Different types of economic tree species are planted by the road sides and within the 

surrounding of a house. Trees help to purify the air by removing harmful substances and maintaining balanced levels of 

oxygen. Trees absorb pollutants like ammonia and sulphur dioxide and traps them in leaves and bark. These trees also 

provide green cover via shade which regulates the atmospheric temperature. Examples of trees used for homestead 

planting include Moringa oleifera, Adansonia digitata, Tectona grandis, Gmelina arborea and Azadirachta indica. 

 

Conclusion 

The roles of agroforestry systems in maintaining a sustainable environment and mitigating climate change cannot be over-

emphasized. A sustainable and healthy environment is more resilient to negative environmental challenges than ecosystems under 

stress whose ecological process is impaired and unbalanced. Agroforestry, therefore is a major option and strategy for increasing 

environmental resilience because it can be used in enhancing biodiversity, regulating micro-climate, restoring degraded land and 

maintaining ecological balance to a healthy state. 
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Abstract 

This paper adopted a well-structured questionnaire to collect primary data from 225 farmers from Kubau LGA of Kaduna State. 

Twenty-Four Socio-economic factors were formulated and grouped into four major categories namely ï demographic, agro-based, 

economic and locational factors. The study was presented in form of frequency table, and mean in some cases. The result from the 

study under demographic characteristics showed that the farmers have the mean value of 39 years in age, with 96% male farmers, 

and 94% were married in which only 8% have tertiary education. The result from the agro-based characteristics revealed that the 

farmers have mean value of 13.2 yearsô experience, with the mean value 3.8 hectares for farm-land size, with 54% have untarred 

road access to the farm while 58% were visited by extension officers quarterly. Results of the economic factors revealed the mean 

monthly income value of the farmers were #96,000, with 46% had access to government grant and 71% also had access to credit 

facilities. While the result of the locational factors showed that 71% had their farms farther than 10km from the forest reserves, 

and 82% had their farm less than 10km from the market while 68% had their farm farther than 10km from urban center. The result 

indicated that low level of education, lack of good road, lack of formal agroforestry training and lack of access to extension officers 

regularly were greatly influenced the adoption of agro-forestry and recommended to be improved so as to encourage adoption of 

agroforestry. 

 

Keywords: Socio-economic Factors, Agroforestry Practice, adoption, Adaptation Strategy, Climate Change. 

 

 

Introduction  

Climate change phenomenon is rapidly emerging as a global critical development affecting many sectors and is one of the most 

serious problems to sustainable development. An increase in greenhouse emissions has led to climate change impacts. Agricultural 

activity is ranked third after energy consumption and chlorofluorocarbon production in contributing immensely to climate change 

by enhancing greenhouse emissions because it accounts for some 15% of recent anthropogenic activities in greenhouse gas 

emissions (Ozor and Nnaji, 2011). 

The impacts of climate change on agriculture, economic growth and sustainable development, are the growing interest in sub-

Saharan Africa as a result of increased drought, increased temperature and reduced rainfall in recent times. The adversely impacts 

of climate change on agricultural activities include crop resilience, timing/length of growing seasons, changes in soil moisture and 

soil quality, yield of crops and animals, weed insurgence, sea level rises, unprecedented flooding and droughts, atmospheric 

temperatures and many more (Ozor and Nnaji, 2011). Another similar worst factors include over dependence on rain fed agriculture, 

inadequate research and extension, inequitable land distribution, widespread poverty, limited access to capital and technology, long 

term weather forecasts and lack of good roads (IPCC, 1998). Adapting to climate change entails taking the right measures to reduce 

the negative effects of climate change (or exploit the positive ones) by making the appropriate adjustments and changes. The 

Intergovernmental Panel on Climate Change defines adaptation as adjustments in natural or human systems in response to actual 

or expected climatic stimuli or effects, which moderates harm or exploits beneficial opportunities (IPCC, 2007). It also refers to 

actions that people, countries, and societies take to adjust to climate change that has occurred. Adaptation has three possible 

objectives: to develop the capacity to cope with unavoidable damages; to reduce exposure to the risk of damage and to take 

advantage of new opportunities.  

Agroforestry provides a set of innovative practices that are designed to enhance productivity in a way that often contributes to 

climate change hazards mitigating through enhanced carbon sequestration, and can also strengthen the systemôs ability to adapt to 

adverse impacts of changing climatic conditions. This study tried to assess the socio-economic factors influencing adoption of 

agroforestry practice as adaptation strategy to hazards associated with climate change in sudan savanna agro-ecological zones in 

Kaduna State, and explores sustainable agroforestry practices that will enhance resilience and thereby reduce vulnerability of small 

land farmers, with a view to providing information to natural resources planners and managers for mitigating the impact of climate 

change in the study area. 
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Materials and methods 

Study Area 

The study was carried out in Sudan Savanna agro-ecological zones in Kaduna state which lies within the Latitude 8o 55ôN - 11o27ôN 

of Equator and Longitude 5o55ôE - 9o45ôE of Greenwich Meridian. Sudan savanna comprises of eight local government areas of 

the state namely: Lere, Zaria, Sabon Gari, Kubau, Soba, Kudan, Markafi and Ikara.  

Kaduna state generally falls under the Tropical Continental climate which is considered as seasonal variations with alternation of 

moist maritime, air mass and dry continental air mass resulting into two major different seasons. 

The ethnic group in the zone predominantly comprises of Hausa, Kataf, Igbo, Fulani, Yoruba. The main occupations are farming, 

trading, self-employment, civil service. The major economic activities of the people in the rural areas are cultivating, processing 

and marketing of agricultural products. The major crops cultivating, processing and marketing are rice, guinea corn, millet, maize, 

groundnut, millet, soya beans and pepper. 

 

Research Methodology 

The study basically adopted primary data with the use of well-structured questionnaire to collect information about the farmerôs 

socio-economic characteristics influencing the adoption of agroforestry in the study area. The questionnaire was designed to contain 

open-ended and close- ended format, to obtain adequate information. The respondents for this study was the crop farmers in Kubau 

Local government area of Kaduna State. 

The study used multi-stage sampling technique, the first stage was purposive sampling method which was used to select the local 

government that has most populous number of registered farmers in Sudan Savanna ecological zones. Out of eight local government 

areas in the zone Kubua Local Government has the highest number of registered farmer with the total number of registered farmers 

of One Thousand, nine Hundred and Thirty-Six (1936). It was from this that Two hundred and Fifty- Two (252) respondents were 

selected for the administration of questionnaire out of sampled population of 1936, through the application of Yamane (1967) 

sample size selection formula. 

Face to face interviews were conducted in the month of April and May 2021, with farmers using a well-structured questionnaire 

for each farmer. This captured information on some demographic variables such as age, education, skills and knowledge, Years of 

farming experience, farmland size, and other factors influencing adoption of agroforestry practices as adaptation strategy to the 

climate change hazards in Sudan Savanna agro-ecological zones. 

The data was analyzed and presented by using descriptive statistics, namely percentages, frequencies tables, means and standard 

deviation in some cases. 

 

Results and discussion 

The data collected during the field survey involved socio-economic characteristics of small land farmers. The data was presented 

through the use of frequency distribution tables and quantitatively and qualitatively discussed in different major categories such as 

demographic characteristics of farmers, agro-based characteristics of farmers, economic factors and how distance from farm to 

forest reserve, market and urban centers influence the adoption of agroforestry in Sudan Savanna agro-ecological zones of Kaduna 

state. 

 

Demographic Characteristics Influencing the Adoption of Agroforestry 

The active ages of this study are considered to be between 31 and 60 years, while below 30 years are expected to be in schools or 

be under their parents, and above 60 years are expected to have retired and taken care by their children, these two age groups are 

considered to be dependent age groups. The distribution of the ages as shown in the Table 1 showed the bulk of the sampled 

population in Kubua (sudan savanna) 76% were in the active ages of 31 to 60 years and 24% were in dependent age groups, the 

mean age is 39 years. This implied that most of the respondents were in their active years and as such could participate effectively 

in agroforestry activities.  

Age is one of the factors that influences the adoption of agroforestry. Older farmers may not have preferential access to new 

information or technologies through extension services or development projects that operate in the study area. Also, in the age 

factor, active age group farmers gather more personal financial capital, and may lead to higher investment in innovations (Nkamleu 

and Coulibaly, 2000). Active age farmers also have access to new technologies and were regarded to be early adopters (Alavalapati 

et al. 1995). In agreement with Ogunsumi (2004) age is a significant factor for adoption of technology, because active age groups 

have more energy to work and have better opportunity to investment in the long-term, these are the strategy to adapt to climate 

change hazards because they still have capacity and ability to farm for a long time on the same plot of land. 
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Table 1: Demographic Characteristics of Farmers 

Variables Frequency %  Mean Value 

Age:                     21 ï 30 Years 

                           31 ï 40 Years 

                             41 ï 50 Years 

                             51 ï 60 Years 

                          Above 60 Years 

                              Total 

61 

83 

68 

40 

0 

252 

24 

33 

27 

16 

0 

100 

 

 

 

 

 

39 Years 

Gender:                               Male 

                            Female 

                            Total 

243 

9 

252 

96 

4 

100 

 

Marital Status:                  Single 

                             Married 

                             Widowed      Divorced  

                            Total 

11 

237 

1 

3 

252 

4 

94 

0.4 

1.6 

100 

 

Education Level:      Primary Ed                                  

Secondary Ed                          

Tertiary Ed                         

Adult Ed                               

                             No Formal Ed                             

Total 

55 

48 

20 

105 

24 

252 

22 

19 

8 

41 

10 

100 

 

Household Size:                    < 3 

                             3 ï 5 

                             6 ï 10 

                              > 10  

                             Total 

24 

47 

84 

97 

252 

10 

19 

33 

38 

100 

 

 

 

 

10 Persons 

Sec Occupation:    Civil Servant                                       

Artisan                                

                             Self Empl                                

Trading                                

None                                 

                             Others                                 

                             Total 

39 

28 

43 

37 

97 

8 

252 

15 

11 

17 

15 

38 

4 

100 

 

Sources: Authorôs Field Survey, 2021 

 

From Table 1, 96% of the sampled farmers in sudan savanna were male and 4% were female.  The low number of females reflects 

the predominance of Islamic culture which allows the practice of Puddah (women are restricted inside houses). Thus accessibility 

to interview female farmers in large number was not possible. The few interviewed were either widow or came from other region 

to reside Kubau Local Governmengt. Generally, the cultural practice does not allow women to engage in the work like farming. 

This implies that there is participation of male gender in farming activities and also in the adoption of agroforestry practices. Alfred 

(2001) and Adedotun (2010) stated that male farmers usually out-number female farmers in many communities in Nigeria. 

Information relating to the marital status of the respondents is also presented on Table 1. Majority of the farmers sampled 94% 

were married, 4% were single, 0.4% were widows, 1.6% were divorced. 

The distribution of respondents according to educational level as presented in Table 1. It was significant to note that majority of 

the respondents in the zone had one form of education or another, 41% had adult education, 22% had primary education, 19% had 

secondary education, 10% had no formal education and only 8% had tertiary education. This was expected to have significant 

impact on ability of farmers to effectively adopt agroforestry as better strategy to adapt to climate change hazards in the study area. 

This result was in agreement with the findings of Abdulazeez et al, (2014) that, education influences the adoption of agroforestry 

practices positively. A popular belief was that highly educated farmers were early adopters of new technologies (Kebede et al. 

2015). It was also hypothesized that education was positively related to the adoption of agroforestry as a strategy to adapt to climate 

change hazards. 

Information relating to the household size of respondents is presented on Table1. Majority of farmers had above 6 persons per 

house, in sudan savanna, 71% were more than 6 persons per household and 29% were less than 6 persons, with a mean size of 10 

persons per household. Secondary occupations of respondents were also considered in Table1. The result showed that 38% were 

not into any other occupation apart from farming, 17% were self-employed, 15% were civil servant and traders, 11% were artisans, 

and 4% were into other occupations that were not mentioned. 
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Agro-Based Characteristics Influencing the Adoption of Agroforestry 

Years of farming experience is another major factor that contributed to the effectiveness and influenced the adoption of a new 

strategy in this type of occupation. From Table 2, the result showed that, 33% had farming experience of 16 ï 20 years, 28% had 

spent 6 ï 10 years, 13% had more than 20 years, 13% also had 11 ï 15 years and less the 5 years of farming knowledge, with the 

mean of 13.2 years.  

Majority of the respondents 62% had farm sizes ranging between 2 and 7 hectares per farmer, 28% had less than 2 hectares while 

5% each had 8 to 10 and more than 10 hectares, with the mean value of 3.8 hectares. Table 2 showed the type of land ownership 

system among the respondents. In sudan savanna, 76% purchased the land, 11% hired the land, 6% inherited it, 4% rented the land 

and only 3% leased the land.  

From Table 2 the sources of labor for majority 47% of farmers in the study area were either family or hired labour, 33% depended 

only on family, 18% only on hired labour, while only 2% engaged cooperative for labour on their farm, while 1% depended on 

cooperative society to do labour for them.  However, 30% people depended solely on family labour.  

Some villages that were difficult access faced several constraints as result limited their access to new innovations like agroforestry, 

this was also considered in Table 2. The result showed that 54% had un-tarred road leading to their farms, and 27% had easy access 

of tarred road to their farms, while only 19% found it difficult to gain access to their farms. Free Access to farm refers to a situation 

where the farmers had access to good road network from home to farm and from farms to the market as the case may be to sell 

their farm produce.  

 

Membership of farmerôs association could enhance access to credit facility and other agricultural technological innovations hence 

influenced the adoption of agroforestry as adaptation strategy to climate change hazards. Iwasaki et al., (2009) noted that lack of 

social cohesion and community ties and disaster awareness can lead to loss and damage of material assets. Parry et al., (2007) 

observed that investing in social relationships and communities for support during difficult times, and building social relations and 

network to increase cooperation, and the sharing of ideas and technological innovations can increase the adaptive capacity of the 

farmers. From the result, 91% are in one farmersô association or the other, while only 9% are not in any association. (See Table 2). 

This implies that majority of the respondents were members of one farmersô association or the other, which might have given them 

access to credit facilities, and other agricultural technological innovations hence influenced them to adopt agroforestry practice as 

adaptation strategy to climate change hazards.Agricultural research often produces technologies that have high potential for 

benefiting large segments of the population, particularly farmers in the rural areas. The influence of agriculture oriented institutions 

is very crucial and necessary for agricultural technology adoption. Heidi (2005) argued that technology like agroforestry that can 

improve the performance of African agriculture exist and new innovations that can be adopted to adapt to climate change hazards 

were developed but the problem is that the learning of these new technologies to farmers were slow, incomplete and many times 

not accessible to the farmers. This is the case in the sampled farmers in the study area, 74% had no agroforestry training, while 

only 26% had access to agroforestry training. Results from this study showed access to information on tree planting positively 

associated with adoption of agroforestry. Result showed that 83% had access to information about benefits of agroforestry, while 

only 17% had no access to information about agroforestry. (See Table 2). This corroborated with Chija (2013), who found out that 

farmerôs awareness and access to information were some of the most critical factors that influenced farmersô adoption of 

agroforestry to adapt to climate change hazards in sudan savanna agro-ecological zones of Kaduna state. 

 

Access to the input in agricultural activities is also one of the important factors that determine the choice or the adoption of some 

innovations. Likewise access to input like tree seedlings by the farmers will strongly influence their decision to adopt agroforestry. 

The result in Table 2 showed that 91% had access to major agroforestry input which is tree seedlings, while only 9% had no access 

to tree seedlings. This attested to some studies that access to cash incentives, subsidies and other agroforestry inputs promote 

adoption of agroforestry practices as a strategy to adapt to climate change hazards. (Jhariya et al, 2015). While low levels of 

incentives, self-financing and difficult to access tree seedlings may lead to a slower pace of adoption or lack of interest to adopt 

agroforestry (Okunade and Yekini, 2007). 

Contrary to the assertion that farmersô access to information from extension officers on tree planting aid the decision to adopt 

agroforestry. The result in Table 2 showed that 88% had no access to extension officerôs information and their services, while only 

12% had access to extension officers. The frequent visits of extension officers to the farm increase the level of awareness and 

information about certain agricultural technology innovations. The result from Table 2 showed that the visitation of extension 

officers to render service to the farmers is very low. 58% had access to extension officers on quarterly basis while 32% had access 

to them once in a year, and only 10% had access to them monthly, and none of the farmer had access to them on weekly basis. 
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Table 2: Agro-Based Characteristics of Farmers 

Variables Frequency %  Mean Value 

Farming Exp:      Less than 5 Years                     

      6 ï 10 Years                                                    

  11 ï 15 Years              

  16 ï 20 Years                     

  More than 20 Years                                

                         Total 

34 

70 

34 

80 

34 

252 

13 

28 

13 

33 

13 

100 

 

 

 

 

 

13.2 Years 

Farm Size:                   < 2 Hectare                                

                               2 ï 4 Hectare                                                           

5 ï 7 Hectare                                

8 ï 10 Hectare                               

> 10 Hectare                              

Total 

71 

102 

55 

12 

12 

252 

28 

40 

22 

5 

5 

100 

 

 

 

 

 

3.8 Hectare 

Land Acquisition:                    Rent                                   

                                  Lease                                    

                                 Hired                                          

Inheritance                                   

Purchase                                   

Others                                    

                                 Total 

9 

8 

27 

14 

194 

0 

252 

4 

3 

11 

6 

76 

0 

100 

 

Sources of Labour:               Family                             

                                  Hired                             

                             Family & Hired                                       

Cooperative                                  

Others                                   

                                   Total 

83 

47 

117 

5 

0 

252 

33 

18 

47 

2 

0 

100 

 

     Accessibility:                   Tarred Rd                          

Un-tarred Rd                     

                              Difficult Access                                  

Total 

69 

137 

46 

252 

27 

54 

19 

100 

 

Farmersò Association:              Yes 

                                       No 

                                       Total 

229 

23 

252 

91 

9 

100 

 

Formal AGF Training:              Yes 

                                       No 

                                       Total 

66 

186 

252 

26 

74 

100 

 

Information About AGF:          Yes 

                                          No 

                                         Total 

208 

44 

252 

83 

17 

100 

 

Access to Input:                        Yes 

                                         No 

                                         Total 

229 

23 

252 

91 

9 

100 

 

Access to Ext Officers:            Yes 

                                            No 

                                           Total 

31 

221 

252 

12 

88 

100 

 

Visit of Ext Officers:          Weekly                                                              

Monthly 

Quarterly 

                                       Yearly 

                                        Total 

0 

3 

18 

10 

31 

0 

10 

58 

32 

100 

 

Sources: Authorôs Field Survey, 2021 

 

Economic Factors Influencing the Adoption of Agroforestry 

The income earned from farming activities was also examine in Table.3, The result showed that, 38% realized between #50,000 

and #100,000 per month, 26% realized between #101,000 and #150,000 per month, 19% realized less than #50,000 and 15% 
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realized between #151,000 and #200,000 per month while only 2% realized above #200,000 per month, the mean value was #96,000 

which is the highest value of the three agro-ecological zones.  

Table 3 also shows percentage distribution of respondents according to non-farm income per month. The respondents had varied 

monthly income based on their secondary occupations. In Sudan Savanna 37% had monthly income of between #50,000 - #100,000, 

24% earned between #101,000 - #150,000, 15% earned less than #50,000 per month, 13% earned #151,000 - #200,000 per month 

and only 11% earned more than #200,000 per month, with mean value of #110,000. This amount is far above the national minimum 

wage of #30,000 per month, implying that majority may have more money to practice agroforestry to adapt to climate change 

hazards in their respective farms. This was in line with Ozor (2009) who observed that with high income, farmers will adopt 

different innovative strategies to improve the soil so as to increase the farm productivities. 

Another important factor examined in the Table 3 is famerôs source of capital to finance their farm, the result revealed that 46% 

received grants from federal and state government, 27% received loans from their cooperative societies. 11% re-invested their last 

year profit to finance the farming activities, 10% got capital through the bank loans, while only 6% got their capital from friend or 

members of their family. This finding indicated that majority of farmers embarked on one loan or the other, this was possible 

because they were sure of paying back with ease since there was adaptation strategy in place which had been adopted to reduce 

climate change hazards in the farm. 

Access to the credit facility is another important determinant economic factor influencing the choice of various technological 

innovations on the farm. This finding is line with Yamo (2007), who observed that most people affected by climate change are 

unable to have access to formal bank loans due to lack of collateral. Table 3 also showed that, 71% had access to credit facility 

while only 29% had no access to credit facility. Accessibility to formal or informal credit facilities is important in agricultural 

occupation and may influence adoption of agroforestry practice. 

 

Table 3: Economic Factors Influencing the Adoption of Agroforestry 

Variable Frequency %  Mean Value 

Farm Income:                < #50,000                               

#50,000 - #100,000               

#101,000 -#150,000                        

#151,000 -#200,000                             

> #200,000                             

Total 

49 

96 

65 

38 

4 

252 

19 

38 

26 

15 

2 

100 

 

 

 

 

 

#96,000 

Non- Farm Income:      < #50,000                               

#50,000 - #100,000               

#101,000 -#150,000                        

#151,000 -#200,000                             

> #200,000                             

Total 

37 

92 

61 

34 

28 

252 

15 

37 

24 

13 

11 

100 

 

 

 

 

 

#110,000 

Sources of Capital:               Bank                                          

Relative/Friend                                      

Govt Grant                                         

Coop Society                                  

Re-Inv Profit                                  

Total 

25 

14 

117 

68 

28 

252 

10 

6 

46 

27 

11 

100 

 

Access to Credit Fac.:             Yes 

                                    No 

                                    Total 

178 

74 

252 

71 

29 

100 

 

Sources: Authorôs Field Survey, 2021 

 

Location Factors Influencing the Adoption of Agroforestry 

Farmers in communities in more proximity to forest reserves were likely to adopt agroforestry. Involvement of the Ministry 

Agriculture and Rural Development, Ministry of Environment and Forestry Research Institution of Nigeria in these reserve areas 

provides much extension services and supervision mostly through the governmental tree planting programmes (Taungya 

programme). Farmers in these areas are therefore more informed by tree planting and agricultural technology innovations such as 

agroforestry. The result in Table 4 showed that 71% had their farm at distance farther than 10km to the forest reserves, while only 

29% had their farm at distance less than 10km. Farmersô preferences for on-farm trees are expected to influence their decision to 

adopt agroforestry. 

The result of proximity of farm to the market place showed that 82% had their farm at distance less than 10km to the market, while 

only 18% had their farm at distance farther than 10km to the market place.  

Land availability may permit farmers to practice longer fallows. The result from Table 4, showed that 68% had their farms farther 

than 10km while only 32% had their farms less than 10km to the main town. This is contrary to the popular belief that the further 

the village from the urban area, the lower the probability of the adoption of agroforestry (Nkamleu and Manyong, 2005). This result 
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is contrary to expectation. This implies that the farther the farm is from the town, the higher the farmer to adopt of agroforestry 

practice as result agroforestry practices are more common in villages far from urban areas. 

 

Table 4: Location Factors Influencing the Adoption of Agroforestry  

Variables Frequency % 

Forest Res.:     < 

5km                                                                                                        

             6km ï 10km        

              > 10km  

                Total 

28 

45 

179 

252 

11 

18 

71 

100 

Market:           < 5km                                                      

               6km ï 10km   

                  > 10km  

                  Total 

91 

115 

46 

252 

36 

46 

18 

100 

Urban Center:  < 5km                                        

               6km ï 10km      

                > 10km  

               Total 

29 

51 

172 

252 

12 

20 

68 

100 

 Sources: Authorôs Field Survey, 2021 

 

Conclusion and recommendations 

The adoption of agroforestry technologies is important because it offers the prospect of increasing production and hence increase 

farmers' income. Sustainable development through agroforestry practice can be achieved through a jointed effort to actively and 

continuously encourage farmersô involvement in agroforestry activities. Recognizing and tackling main factors that determine 

involvement of farmers in agroforestry practices predisposes an agroforestry project to successful local farmersô participation. This 

study is relevant to the adoption of agroforestry technologies involving economic as well as sociological considerations. 

The result in this study has demonstrated that some factors influencing farmersô adoption of agroforestry practices in different agro-

ecological zones are not necessarily the same, therefore generalization should be avoided. The results have a number of implications 

for strategies to promote agroforestry among farmers in different agro-ecological zones. Government agencies, policy makers, 

environmental managers and planners need reliable information on the effects of various socio-economic variables on the adoption 

or rejection of a technology for a sustainable development. 
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Abstract 

Forestry is very essential to human life as it involves the activities that sustain humanity with various ecological services. Forest 

is the source of non-timber products, particularly medicinal plants which include trees, shrubs, herbs, grasses, and lianas. These 

plant types have been engaged in varieties of uses for medicinal purposes from ancient times till the present age and yet preferred 

to modern medicine by many people ï especially in regions characterized by tropical climates on the globe, including Sub-Saharan 

Africa ï because of their ready accessibility, supposed low toxicity, cheapness, and effectiveness, among others. Their demand for 

diversified utilization among large populations tends to over-exploitation and forest biodiversity loss which leads to climate 

change. Climate change, associated with temperature extremities, may further lead to the extinction of valuable medicinal plants. 

Conservation through the cultivation of medicinal plants is of utmost importance as forestry, involving forest resources 

management, contributes immensely to the development of safe remedies, a clean environment, and organic-based drug for the 

management of health conditions and diseases. 
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Introduction  

Forest cover is arguably the first phenomenon in existence on the earth. The scriptures give credence to the fact that early men of 

the human race interacted with the forest and relied on its resources. Thus, forest activities predate history. Forestry is very essential 

to human life. The reduction in human life expectancy rate has been attributed to adverse health conditions emanating from massive 

industrialization and deterioration of the forest (Ajiola and Ilesanmi 2017) which perform the great function of purifying the 

environment. Forest trees remove toxins from the air through their various parts such as the leaves and bark. They absorb these 

toxins through their leaves' pores and also convert the carbon dioxide we exhale into fresh oxygen through photosynthesis. 

Absorption of volatile organic compounds and removal of metabolized toxic compounds in the soil water and air are brought about 

by the action of trees. Forests also can degrade heavy metals in polluted soil through the bioremediation process. It can be said that 

a safe environment depends on the availability of trees. Sustainable life and increased life expectancy rate could be ascertained in 

a less polluted environment. 

The livelihood of people in most rural communities is dependent on forest resources. Forests also provide essential needs for 

humans including life-saving pharmaceutical agents. The strategies mostly used by many rural households to overcome food 

insecurity and health problems are the use of non-timber forest products (NTFPs).  

While considering the unsustainable utilization of the forest resources and indiscriminate forest mining practices, Appanah (2004) 

highlighted those forests go far beyond timber with market value into influencing local and regional climate, protecting soil, 

providing potable water, and mitigating floods to mention a few. Shah et al. (2015) and Guga et al. (2015) argue that population 

growth can instigate a huge pressure on natural resources and contribute to environmental problems such as rising levels of 

atmospheric carbon dioxide, biological diversity loss, global warming, and pollution. Appanah (2004) further noted that we are 

finally confronted with reality. The forests have gone, mostly, the governments are not richer, the environment has deteriorated, 

and people are impoverished. The problem caused by the taking away of the forest can be resolved by restoring the forest and 

utilizing it sustainably. 

 

Forest Ecosystem Services 

The Millennium Ecosystem Assessment (2005) suggested that ecosystem services can be classified into four categories: 

     i.                 Provisioning services provide goods such as food, fresh water, timber, and fibre as well as medicinal plants for 

direct human use. 

   ii.                  Regulating services maintain a world in which it is biophysically possible for people to live and provide benefits 

such as pollination of crops, water damage mitigation, and climate stabilization.  

  iii.                  Cultural services make the world a place in which people want to live; they include recreation as well as aesthetic, 

intellectual, and spiritual inspiration.  

  iv.                 Supporting services are the underlying ecosystem processes that produce direct services such as nutrient cycling, 

soil formation, etc. 

 

 


