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1. Introduction

Recent efforts to address the challenges of the poverty, food insecurity and malnutrition revolve
around how to correct the poor function of the global and local food systems. The upcoming UN
Food Systems Summit by the end of 2021 is aimed at finding opportunities for Food System
approach calls for developing various sub-components of the food system. Such approach requires
asking the following questions. How does various components of the food system is improved
through policy, research, and institutional development interventions? How to map the sub-
components of the food systems and compare with the current state of these components? How does
policy and institutional interventions can be designed to and interventions to improve the sub-
components? Finally, how to improve food system through improving linkages among the sub-
components?

In the transformation process of the food system, the existing institutions and their linkages must be
studies and developed further through policy and institutional interventions. It is largely clear that
new institutions may not be created for the food system approach per se but will modify the
approaches and synergies to create the conditions for the outcomes that is expected out of the food
systems approach recently proposed. Recent efforts have focused on developing approaches to
measuring and improving the sub-component linkages in the food systems. In this paper, we examine
the research, extension and agribusiness subsystems in Nigerian agriculture and draw specific policy
and institutional lessons.

The paper is organized as follows. In the next section we present a conceptual framework that
identifies methodological understandings of studying sub-components of a food system for their
continuation to the effective functioning of the food system as a whole. In section three we review
these opportunities to improve these individual components and how such improvements could result
in furthering the effectiveness and efficiency of the subcomponent under study. In section four we
draw the implications from the review for policy and institutional development that can speed up the
food system transformation. Final section summary and conclusions.

! Keynote paper presented at the 54th Annual Conference of Agricultural Society of Nigeria (ASN) held from 31st January
- 4th February 2021, at Alex Ekwueme Federal University, Ndufu-Alike, Ebonyi State, Nigeria

? Senior Research Fellow and Head, Capacity Strengthening Program. The author thanks collaborators of the studies
conducted in Nigeria that are used to draw insights for this paper.
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2. The Conceptual Framework

Studying food systems has several dimensions. Not every scientist will be able to see the whole
picture as it is projected by the conceptual framework presented so far, albeit they are comprehensive.
However, food system approach requires each of these scientists to do their best and go beyond to
connect with other subsystems to make impact of their work more synergistic. Yet, such method
requires new set of skills that go beyond the individual disciplines to create a multidisciplinary and
multisectoral approach to food system transformation. Similar approaches have been explored in the
past. The farming system research, for example, in that began in the late 1970s and was pursued until
late 1990s as an agricultural intervention strategy attempted such system approach at the farm level.
Along the way it became tiresome to keep all the scientists working together to conduct experiments
at the farm level. Partly because for individual single disciplinary scientists, it was not professionally
rewarding to do joint research with other disciplines. And yet, the call for multidisciplinary research
for solving food systems problems continues, as it now believed that we have developed
multidisciplinary capacity for solving food system challenges not just at the farm level but at the
market and at the macro levels. What have we learned from the experience of applying systems
approach to developing practical solutions a t the farm level? Could such lessons be applied to food
system transformation process? Even more challenging now is not only to go beyond the farm level
to market and value chins but also to go beyond agriculture sector to other related sectors such as
commerce, trade, health, environment, and related sectors.

In this paper we try a develop a methodological approach that takes subsystems of research and
innovation to connect with the productivity outcomes of the farmers and further link them to the post-
harvest processing and value additions though emerging agribusinesses. This subsystem components
and their revitalization could be considered as an experiment to see if the food systems approach
would work. Operating with a smaller set of the components of a food system to deliver efficient and
effective outcomes that we are seeking to achieve, it should be possible to improve these subsystem
to reach their maximum potential towards their contribution to food system transformation. In this
section, a conceptual framework for implementing a food system approach to research, extension and
agribusiness linkages.

We begin with drivers of the food system and its relationship to the individual subsystems of
research, extension and agribusiness for their constraints and opportunities for improving their
efficiency and effectiveness to reach their full potential. Then we examine the opportunities for their
contribution towards the synergistic interventions that could improve the food system functioning
towards its final goals. Then we ask what policy and institutional solutions could help to improve the
individual subsystems and their linkages to contribute towards food system transformation.

The recent approach to food system transformation identifies specific drivers of food systems (Figure
1). An approach to reviewing food systems in any country will begin with studying the drivers of
food systems from a food supply chain perspective. This considers the multiple aspects of biophysical

25| Page



and environmental drivers, the innovation, technology and infrastructure drivers, the political and
economic drivers, the socio-cultural and demographic drivers. Managing the biophysical and
environmental drivers, and the innovation and technology drivers in figure 1, have direct implication
for shaping sustainable food supply system. In the next step, we look at the research, extension and
agribusiness subsystems that contribute to productivity of food supply system through the Analysis,
identify the gap, and track the progress (AIT) operational framework ( Babu, 2019). This framework
has three steps. First, we analyze gaps in the current policy and institutional framework implemented
in various subsystems. In the second step, we identify priority investment areas for food system
transformation from the subsystem perspective. This is done with the help of the policy and strategy
diagnose. On the last step, we track the progress to ensure that the strategy being implemented will
reach the full potential needed for the food system transformation. Figure 2 presents the AIT
operational framework. Repeating this framework across different subsystems and sectors / policies
can help identify the policy and institutional gaps that could be addressed to improve the process of
food system transformation.

In this paper, we use the AIT framework to assess research, extension, and agribusiness linkages in
Nigeria. We begin with individual system reviews and bring them all together with The research
system review was conducted between 2014-2018. the Extension policy review of the Nigerian
extension system was conducted between 2018-2020. During 2019-2020 we also conducted field
case studies of young entrepreneurs to identify their agribusiness opportunities and constraints and
how they synergize their activities with the research and extension. We bring these findings together
in this paper to identify policy and institutional interventions from a food system perspective.

Figure 1 Drivers of Food Systems:
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Source: HLPE (2017)

Figure 2. AIT Framework
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3. The case of Nigerian research, extension, and agribusiness Linkages

Studying the research, extension , agribusiness subsystem in Nigeria gives unique opportunity to test
the food system approach. Nigeria is also a federal state where decentralized decisions are made at
the state level and this has implications for the food system approach to function at the local levels.
Nigeria plays a crucial role in driving research and innovation in major crops in the Africa continent
and in the west Africa region. Systematic study of research, extension and agribusiness components
could be useful for the countries of Africa which face similar challenges. In this section we review
these subsystems and draw insights for their linkages to improve their effectiveness, efficiency and
their collective impact on the food system.

3.1 State of Research System and potential improvements:

Nigerian Agricultural research system is one of the largest in Africa in terms of the number of
research institutions and the human resources. In a country in which agriculture remains a major
driver for the national economic growth, poverty reduction, and food security, increasing productivity
through research investments becomes a fundamental strategy. Yet, Nigerian agricultural sector has
not performed to meet its potential. Several factors militate against Nigeria’s efforts to reach its full
potential in agriculture. Among them, unfavorable policy environment, organizational and
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institutional failures, and the human capacity to meet the research and innovation needs of diverse
agro-ecological zones remain major contributing factors. Revitalizing agricultural research system
and their linkages to extension and agribusinesses could be an effective way to overcome these
constraints.

Recent policy initiatives such as , the Agricultural Transformation Agenda (ATA) and APP has
focused on reforming the research and extension systems in Nigeria to meet the needs of the
smallholder farmers. However, the linkages of the research, extension and other related institutions to
work towards developing a food system that is inclusive and resulting in its transformation has
remained a challenge. The recent reform strategy of the Agricultural Research Council of Nigeria
(ARCN) outlines potential improvement that could help in overcoming such challenges (Babu et al.,
2017). We review and reiterate them below.

Nigerian agricultural research system could attain its full potential if the following policy and
institutional mechanisms could be improved. First, the overall governance and organizational
structures should be revamped with an objective to increase the accountability and transparency of
priority setting, planning funding and execution of research activities, and performance appraisals of
the research staff in all these institutions. Second, the institutional and human capacity to conduct
research and to manage research projects must be improved. With the existing capacity which has not
been retrained for a long time, there is little chance for the researcher to be on the cutting edge in all
the new emerging areas of agricultural research such capacity has implications for the research and
innovation outputs and outcomes and further on the productivity of the agricultural sector as a whole
in Nigeria.

Third, while the funding for research could be increased to meet the standards of the emerging
economies, the current use of funds in the research systems requires better accountability and
transparency in allocation. Mobilization of funds and the allocation of resources towards most
rewarding research enterprises on a competitive basis will improve the effective utilization of the
funds for research. Fourth, several institutions repat the research activities for want of coordination.
While federal universities take up research in frontier areas, federal colleges of agriculture should be
encouraged to do adaptive research to meet the research and innovation needs of the local farmers.
Such adaptive research system is yet to be full developed in Nigeria, despite having federal collages
and institutions spread throughout the country for various fields of enquiry. National agricultural
research system needs to be strengthened further as an independent body that regulates the flow of
resources as well as provides guidance for national priorities of research and innovation.

3.2 State of Extension system and potential improvements:

Agricultural innovations will remain on the shelves of the research laboratories unless they are
translated into technologies and knowledge that is useful for farmers to increase their productivity
and incomes. Nigerian agricultural system is no exception. While the productivity of the Agricultrual
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system is already lower than its potential in Nigeria, the poor functioning of the extension systems
over the years adds to the inefficiency in translating research into productivity of farmers. The
recently developed National Extension Policy (NEP) of the government of Nigeria provides
opportunity to revamp the extension system in the country and to revitalize the research — extension-
and farmer linkages. The NEP has 11 strategic elements that have been carefully identified to meet
the local needs for extension system and could be applied to all the states of Nigeria with a common
framework. However, the uptake of these ideas presented in the NEP has been slow.

National and state level consultations on the key policy and institutional innovation in this new
agricultural extension policy include the following. First, as the extension system is becoming
pluralistic, it is important to explore Sustainable Funding Options and guidance towards partial
privatization. Not only such guidance is needed at the national level, it is also required at the state
levels. Second, National Monitoring, Evaluation, and Learning System is an immediate institutional
development priority where the investments in the extension system in terms of inputs, outputs,
outcomes, and impact of the investment are tracked at the state and LGA levels for managing
extension programs. Third, there is a need to establish Agricultural Knowledge and Information
Management (AKIM) system for content management in extension programs. Such knowledge
management system will improve the research and extension linkages at all levels.

Finally, investment in the institutional capacity to manage the quality control and regulation of
emerging extension activities by the private sector, and the NGO sector would further help in
streamlining the extension process with the national and state level agricultural development
priorities. Guidance to the states on extension management that is in line with the national
agricultural development strategies is crucial to holding the states level extension program
accountable for their delivery on the ground.

3.3 State of Agribusiness and the potential improvements

Agribusiness and value chain development begin with the farm level productivity discussed above.
From the food supply perspective increasing the productivity of the food production system can have
implications of the productivity and competitiveness of the agribusiness and value chains. In the
context of Nigeria, increasing income of the farmers and their livelihoods crucially depends on their
participation in their domestic and in international markets. Agribusiness development which
connects formers to their input needs and the output marketing help generate employment in the food
system. While Nigeria has been able to develop some value chains that are internationally
competitive, there is large potential to harness the agribusiness opportunities through increasing the
competitiveness of their value chains and though better connection of research and innovation
systems to the agribusiness opportunities. Value addition provides tremendous scope of the Nigeria
agriculture sector, although it is constrained by several factors. As the farm sizes are small and
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fragmented, the productivity of farming system is further hamstrung by the limited mechanization,
poor market infrastructure, and unfavorable pricing policies.

In addition to focusing on the productivity gains, agricultural policies and institutions must aim at
increasing the agribusiness competitiveness of the value chains. In addition to achieving food security
through productivity, sustainable food system transformation requires addressing the continued
investments in productivity increasing technologies and improved agribusiness competitiveness.
Thus, the interplay between agribusiness competitiveness, food security, and agricultural
productivity, through the linkages of research, extension and agribusiness systems becomes crucial.

In the context of Nigerian agriculture, one can identify three sets of factors that need attention in
increasing the competitiveness of the agribusiness and value chains. The first set includes the
underlying factors which require relatively long time to change. These factors include political
economy, governance system, legal system, and the legislative system all should support the
development of the agricultural businesses. The second set of factors include the so-called
intermediary factors. They take five to ten years to change and include development of input and
output market, ease of doing business in these markets, tax system, investment in research and
innovation, and development of relevant market infrastructure. The third category of factors are
immediate factors that could have significant implications for competitiveness and are related to
specific skill development, information exchange among the actors and players in the market systems,
innovation in competing markets, developing functioning regulatory system, and increasing access to
financing agribusiness (Jambor and Babu, 2016).

Nigerian farming system are constrained by continued low agricultural yields resulting from the use
of traditional technology which results in low standard of living and subsistence nature of agriculture
in most part of the country. Yet, recent policy and institutional reforms show opportunities for
increasing specialization and move towards commercial farming practices though development of the
value chains that use comparative advantage principles. however, agricultural transformation in
Nigeria further requires policy institutional development that would help in efficient allocation of
resources, making processing industries competitive, enabling technological innovation that results in
structural transformation.

Nigerian policies and strategies in agriculture recognize the importance of increasing the
competitiveness of agribusiness. However, a robust and enabling policy framework is needed to
overcome the existing constraints on agro-industrialization and encourage private investment. Nigeria
also requires an optimal combination of trade, industrial and agricultural policies that encourages
value addition of agricultural processed products for domestic and international markets. Further,
investments are needed to build the needed market infrastructure to convert the opportunities were
Nigeria has a comparative advantage. Such policies should go hand in hand with regulatory
mechanisms for food safety standards and rights to ownership of natural resources including land. In
addition, the business environment needs improvement to increase private sector investment and trust
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in the system. Finally, development of skills and capacity at individual, institutional and system levels
are needed to improve agricultural competitiveness.

3.4 Improving Research, extension and agribusiness sub system and its linkages:

Several efforts have been made to revitalize the research , extension and agribusiness systems
through recent strategies including ATA and the APP. These strategies have implications for how the
research, extension and agribusiness systems are shaped up in Nigeria.

Under the ATA the research strategy has been to develop a set of 30 value chains to achieve specific
production targets primarily through productivity gains. This strategy called for restructuring of the
ARCN and further develop a research system that responds to the needs of the smallholder farmers.
While it borrowed several key best practices of the world’s emerging economies such as Brazil,
China, and India, implementation of these practices remains a challenge for several reasons. First,
The reforms undertaken as part of the ATA and later as part of the APP are yet to bear fruit, as the
needed institutional capacity to implement the best practices are lacking at various levels. Second,
The federal institutions that are in various parts of the country are yet to be linked to the state and
local government through formal mechanisms. Third, the benefits of the research conducted by the
federal universities, federal colleges, and the federal research institutions are not fully taken up by the
extension system of the states where they are located. This is partly due to the lack of institutional
support that could do adaptive research in various Local Government Areas for the adoption of such
technologies and innovation coming out of the research. Fourth, the research system is not fully
aligned to the extension needs of the farming systems in the states. However, there are opportunities
to connect the research emerging out of the research system to the needs of the smallholder farmers if
the innovations are connected to the value chains and the agribusinesses of the states. We discuss
these opportunities in the next section below.

In Nigeria the implementation of extension programs that reach out to farmers to provide them with
knowledge and inputs are managed by the State governments. In countries such as India, china, and
Brazil, where a similar federal system of governance exists, there is a strong research and extension
linkage established over the years which Nigeria could adopt to its conditions. However, from the
perspectives of the extension system, the federal extension policies and strategies are yet to be
absorbed and translated into strategies at the local extension system. There is huge scope to change
this. For example, the Indian system developed an effective platform for fostering close research-
extension-farmer linkages. The Farm science centers in each district called Krishi Vigyan Kendra’s
(KVKs) established with the federal — state partnerships (operated by the state Agricultrual
universities and local NGOs) provide one stop solution to agricultural knowledge that is relevant for
the local farmers.

In the context of Nigeria, the Extension system currently operated by the LGAs should be converted
to become the Farm science centers and its staff should be regularly trained to meet the knowledge
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needs of farmers in the LGAs. These extension workers will provide demonstration of the
technologies relevant for th e farmers and agribusinesses in that area complementing the work done
by the state extension system. The federal colleges of Agriculture and the Federal universities and
faculties of agriculture should be linked to these farm science centers for research and knowledge
exchange on a regular basis.

4. Implications of policy and Institutional development for Food System Transformation.

In Nigeria, a major challenge is the implementation of the policies and strategies that are already in
paper. For example, a recent high- level committee came up with several recommendations. They
relate to the following. The national policy on agricultural extension still needs final approval by the
Federal Executive Council. This process needs to be expediated for the development of further
institutional and funding arrangements that can link research-extension-agribusiness subsystems
towards food system transformation.

The committee recommended the following: Sustainable funding mechanisms for the implementation
of the national extension policy needs to be secured. The committee has recommended several
funding strategies including the cost sharing among the federal, state, local governments, and farmer
communities. A major emphasis is placed on retraining 75,000 extension workers, agribusiness
entrepreneurs, and technical experts at the state and LGA levels. Recognizing the community-based
approaches to extension, moving to a pluralistic extension service approach involving a value chain
approach that includes demand driven, market oriented, and ICT-enable extension system is also
emphasized. Revival of the ADPs that is moribund in many states through and establishment of the
state level and LGA level information centers are recommended to strengthen knowledge access of
the farmers and to demonstrate the innovations.

The committee also recognized the following: Revitalization of the REFILS requires strengthening
the capacity of the famer-based organizations. While there is full recognition that the insecurity
situation in the country affects the functioning of the extension system and collaboration of the
federal, state, and LGA stakeholders, establishment of the agricultural extension steering committees
at all levels. In the meantime, there are several extension approaches have shown isolated successes
including the FADAMA system, farmers field schools, and other NGO based approaches. Scaling up
these approaches will require institutional and human capacity that is lacking at all levels.
Investments in such capacity development will also require bringing the research system to work with
extension system on a collaborative, adaptive and learning approach. establishing 800 farm science
centers with the help of the LGA level agricultural extension institutions and guiding them to work
with the federal level monitoring system and the state level ADPs would help in quick revitalization
of functioning extension system in Nigeria.
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While the research, extension and agribusiness subsystems are moving in the right direction, we
further need policy and institutional reforms to help the system to attain its full potential for the food
system transformation.

5. Concluding remarks

In this paper we looked at a subset of the Nigerian food system to identify opportunities for policy
and institutional interventions to improve their potential contribution towards food system
perspective. Using Nigeria as a case study we have looked at the possible synergies that could be
related through developing linkages in the subcomponents of a food system. Here we have looked at
how these subcomponents are operating independently and how such disjointed efforts do not
contribute to the food system transformation that development community is aiming at though the
multidisciplinary and multisectoral approach that is proposed. Then the question becomes what kinds
of policy and institutional development is needed to revitalize the research-extension- agribusiness
linkages in the context of the food system transformation.
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Abstract

It is a general believe that agricultural mechanization enhances labour and land productivity. It also
ensures timeliness of operation and precision agriculture. Agricultural activities are time dependent
and are being achieved with the help of mechanization. Agricultural mechanization covers all levels
of farming and processing technologies from simple tools to more sophisticated motorized equipment.
Agricultural mechanization must be sustainable in order not to compromise the comfort of present
generation and future of yet unborn generation. Sustainable Agricultural Mechanization (SAM) is a
mechanization that is economically feasible, environmentally sensitive and socially acceptable.
Sustainable mechanization leads to sustainable agriculture like conservation agriculture (CA). CA is
an approach of maintaining agro-ecosystems for improved and sustained productivity, increased
profits and food security while preserving and enhancing resource base and its environment. CA
helps to preserve Soil Organic Matter (SOM) which is the lifeblood of agricultural soil. Merits of
sustainable agricultural mechanization include increase in land productivity, supporting
opportunities that relieves burden of labour shortages and enable households to withstand shocks
and decreasing the environmental footprint of agriculture when combined with adequate
conservation practices. For any technology to be adopted by farmers, the technology’s technical
feasibility, economic feasibility, social acceptability, complexity, visibility/observability, and
infrastructural compatibility needs to be assessed and evaluated for the benefits of the adoptees.

Keywords: Lifeblood, Sustainable, Soil Organic Matter, Mechanization, Conservation, Agriculture
1. Introduction

There is no doubt that food is one of the basic needs of every human being and this has made it
compulsory to boost food production with the development, introduction and adoption of improved
technologies. Agricultural mechanization covers all levels of farming and processing technologies.
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The objectives of agricultural mechanization include precision agriculture, timeliness of operation,
improvement on efficient use of resources, enhancement of market access and mitigation of climate
related hazards, www.fao.org; FAO, (2018).

Though agricultural mechanization is an essential input for boosting food production, its
sustainability remain an issue to prioritize for the benefit of present and future generation. Sustainable
Agricultural Mechanization (SAM) can be described as mechanization that is economically feasible,
environmentally sensitive and socially acceptable, Brians and Josef (2017). SAM addresses
mechanization across/along the value chain (production, harvesting, post-harvest handling,
processing and marketing), Brewer et al.,(2015). It also encourages Conservation Agriculture (CA).
CA preserves the Soil Organic Matter (SOM) and soil’s life.

In adopting agricultural technology by the farmers, some basic requirements like technical feasibility,
economic feasibility, social acceptability, complexity, infrastructural compatibility and
visibility/observability, Friedrich (2013).

The essence of this work is to brainstorm the importance of SAM and on how to promote it. SAM has
the potentials of increasing food production without compromising the environment.

2. Mechanization across /along the value chain

Table 1: The potential for mechanization along the agricultural value chain

Production: » Post- » Processing: *Marketing:

Crop harvest/storage: Chopping, Packaging
establishment, Drying, Milling, Transport
weeding, Grading, Grinding,

fertilization, Winnowing, Pressing

irrigation crop, Cleaning, and

protection, storage

harvesting

Source: After Brewer et al., (2015)
3. Appropriate mechanization
Appropriate mechanization rests on: range of power sources and selection from a range of options.
4. Sustainable mechanization

Sustainable mechanization interests lies on the economic and social sustainability and environmental
sustainability. It is important to note that mechanization is an investment for farmers and they have to
generate income and profit from their investment by means of greater productivity or increased value.

5. Objectives of mechanization

It enhances timeliness of operation, precision agriculture, improves water supplies and water controls
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6. Factors that can aids progress in agricultural mechanization

The factors are growing needs by farmers, establishment of agricultural mechanization training
center, research, education and extension, Anazodo (1975).

7. Conservation agriculture

CA is an approach of maintaining agro-ecosystems for improved and sustained productivity,
increased profits and food security while preserving and enhancing the resource base and its
environment, Friedrich (2013).

8. Elements of sustainable agricultural mechanization

The elements of SAM include: Boosting farm power through appropriate technologies and innovative
business model; Promoting innovative financing mechanisms for agricultural mechanization;
Building sustainable systems for manufacturing and distribution of agricultural mechanization inputs,
sustainable mechanization across agri-food value chains, innovative systems for sustainable
technology development and transfer.

9. Challenges of sustainable agricultural mechanization in the developing world
According to Asoegwu and Asoegwu (2007), the challenges of agriculture include management of
land resources, management of capital, management of labour, management of water resources,
agricultural power and machinery, storage facilities, livestock manure, IT Inputs and other inputs.

10. Benefits of sustainable agricultural mechanization (SAM)
Sustainable agricultural mechanization has the following potentials: Increase in land productivity by
facilitating timeliness and quality of cultivation; supporting opportunities that relieve the burden of
labour shortages and enable households to withstand shocks; decreasing the environmental footprint
of agriculture when combined with adequate conservation practices.

11. Basic requirements in adopting agricultural technology

Some of the basic requirements include: technical feasibility, economic feasibility, complexity,
infrastructural compatibility, visibility and social acceptability, Aremu et al.,(2015).

Conclusion

Mechanization should be viewed as a necessary component of a transformational development
process that promotes the sustainable commercialization and modernization of small, medium and
large scale farms in order to accelerate agricultural development and initiate sustained poverty-
reducing economic growth in both rural and urban areas. Agricultural mechanization covers all level s
of farming and processing technologies, form simple and basic hand tools to more sophisticated
motorized equipment. Agricultural mechanization can be described to be sustainable when it is
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economically feasible, environmentally sensible and socially acceptable. Agricultural mechanization
covers both on-farm and off-farm operations.

The principles of sustainability include economic, social and environmental viability. Factors that aid
in mechanization include growing desire by farmers, education, research and extension.

Conservation helps to preserve soil organic matter (SOM). SOM is the lifeblood of the soil since it
helps to maintain soil fertility.

Elements of sustainable agricultural mechanization include boosting farm power through appropriate
technologies and innovation business models, sustainable agricultural mechanization across agri-food
value chain. The challenges of sustainable agricultural mechanization include management of land
resources, capital and labour.

Benefits of sustainable agricultural mechanization are decreasing the environmental foot print of
agriculture when combined with adequate conservation practices, reducing poverty and achieving
food security while improving people’s livelihood.

Some of the basic requirements in adopting technology include economic viability, technical
feasibility, social acceptability, complexity and infrastructural compatibility.
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Abstract

The paper reviewed the roles of legumes in the maintenance of food security in Nigeria. The paper
established that legumes could be a base for development of many functional foods to promote
human health and maintain food security. Nigeria is endowed with favourable ecologies for the
production of legumes hence moves to increase legume production should be intensified in the
country. Building economically sustainable and effective legume seed systems in Nigeria are seen as
a way of boosting legume production to meet the Nigerian seed road map target. The use of legumes
to improve soil nitrogen content can also be a practicable way to improve soil fertility that guarantees
food security. The need for aggressive education worldwide about the nutritional values of legumes,
genetic modification to develop transgenic leguminous species that cook faster and have low level of
anti-nutrients as well as soaking in water prior to cooking could help to increase peoples’ interest in
the consumption of legumes in Nigeria.

Keywords: Legumes, roles, food security, Nigeria.
Introduction

Food security is the availability of food and one’s access to it (Borlaug, 2007). A household is
considered food secure when its occupants do not live in hunger or fear of starvation. According to
the UN committee on World Food Security, food security means that all people at all times have
physical, social and economic access to sufficient, safe and nutritious food that meet their food
preferences and dietary needs for an active and healthy life. Food insecurity is still a major global
concern as over 1 billion people are suffering from starvation. This paper among other things seeks to
improve food security through legume production. Some food security organizations include FAQ,
Food Tank, Food First, Feeding America etc. Food security crises jeopardize the lives of millions of
people in vulnerable area where malnutrition, poverty and death from hunger is widespread. Food,
clothing, and shelter remain the basic necessities of life and food is central to human existence. Food
has been shown to shape human history, driving migration, provoking war as well as undermine the
growth of Nations (Agbogidi et al., 2019).
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Legumes are plants (members of the pea family), especially ones grown as crops. They include
groundnuts, peas, tamarinds, alfalfa, common beans, soy beans and chick bean. Legumes are valuable
world wide as a sustainable and inexpensive meat alternative and considered the second most
important food sources after cereals (FAO, 2016). Legumes are sustainable and inexpensive sources
of proteins, unsaturated fats, dietary fibre, complex carbohydrates, micronutrients and important
phytochemicals hence their consumption could contribute to a healthier life style (Messina, 2016).
They are considered appropriate foods for health conscious consumers, celiac and diabetic patients as
well as those concerned with weight loss. It is recommended that legumes should be incorporated in
children and infants’ diets at home and through school feeding programmes (Messina, 2016).
Shiferaw et al. (2011) maintained that legumes are among the crops that feed the world. A
combination of legumes with vitamin C rich foods helps to prevent anemia in women of reproductive
age. Legumes are foods for all ages. They could be prepared in so many ways including baked,
canned, cooked, boiled, bean beverage, chill, barbecue, ranch style, bacon bits, meatless, cranberry,
akara and moin-moin. All animals depend on plants (Okigbo, 2008; Agbogidi et al., 2017; Agbogidi,
2019).

Other examples of legumes are clover, peas, lupines, carob, mesquite and peas fenugreek. Dried seeds
known as pulses are also part of the legume family. Legumes also include Adzuki beans, Anasazi
beans, black beans, black-eyed peas, fava beans and kidney beans.

Legumes are nutritional valuable food crops rich in protein and dietary fibres. They have been given
economic, cultural, physiological and medicinal roles owing to their possession of bioactive
compounds. Their consumption has been reported to be associated with various beneficial health
attributes including hypochlolesterolemic and hypoglycemic properties (Ndidi et al., 2014; Massina,
2016). Legume are affordable and do not requires expensive irrigation system and fertilizers because
they can do well in poor soil and adverse weather condition. As cover crops, they reduce erosion and
have symbiotic relationship with nitrogen fixing Rhizopus resident in their root nodules thus making
then excellent rotational crops. Beside the nutritional demand of legume, it is still rising globally due
to the consumer awareness of their nutritional and health benefits. Developed countries have seen
light in thus and highly exploited hence it is very important to increase the utilization of legumes and
increase new legume-based produce in our meal to reduce poverty and alleviate malnutrition. Figure
1 shows the desirable attributes of legumes.
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Figure 1: Desirable attributes of legumes.
Source: (Qayyum, et al., 2012).

Although prior efforts by government at enhancing food security through agricultural productions
were in place but they did not yield successful results due to the absence of comprehensive policy
framework, excessive political interference, ineffective targeting of beneficiaries as well as
overlapping functions. As a result of all these and other factors, achieving food security continues to
be an issue in developing countries like Nigeria as well as undeveloped world. According to Norman
et al. (1995) and Kouris-Blazoas and Belski (2016), the following constitute the nutrients
composition of legumes:

I. Protein (20 — 45%) generally rich in essential amino acids lysine
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ii. They are sources of a complex, energy giving carbohydrates with up to 60% carbohydrate (dry
weight)

iii. They are also available source of dietary fibre (5 — 37%) containing significant amount of both
soluble and insoluble dietary fibre.

iv. Legumes have no cholesterol. They are generally low in fat with the exception of peanuts (45%,
Chickpeas 15% and soybean 47%). They are rich in more and polyunsaturated fatty acids.

v. Legumes are good sources of micronutrients like B-group vitamins and poor in fat soluble
vitamins. They are sources of abundant essential minerals including zinc, iron, calcium, selenium,
phosphorus, copper, potassium, magnesium and chromium with great roles in enzyme activity, iron
metabolism, haemoglobin synthesis, bone health and other general body metabolism.

Food legumes are grouped into two groups viz oil seeds, with high oil content including soybean,
peanuts and pulses, dry seeds of cultivated legumes used as traditional foods. Common legumes used
for human consumption are also referred to as grain legumes or food legumes. Comparative protein
yield of legume crops is shown in Table 1 while the area, yield and production of crop legumes in the
tropics are presented in Table 2. Table 1 indicated that the average protein yields of soy bean,
groundnut, beans and chick pea are appreciably high hence when efficiently harnessed could
contribute to food security. Similarly, on world production and yield, with an increase in area of
production, food security could be achieved through legume production.

Tablel: Comparative protein yield of legume crops

S/IN  Crop Average Tropical Protein Content  Average Protein
Yield (t ha-1) Yield (kg ha)

1 Soybean 1.34 38.0 509

2 Groundnut  0.89 25.5 227

3 Beans 0.60 22.0 132

4 Chick pea 0.66 20.0 132

Source: Norman et al. (1995).
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Table 2: Area, Yield and Production of Crop Legumes in the Tropics

Crop Tropical Tropical Tropical Total Tropics as
legumes Africa America Asia Tropics World % of world
Area (m ha)
Soybean 0.47 10.32 4.81 15.60 55.37 28
Groundnut 5.80 0.32 10.00 16.12 20.36 79
Pulse 12.00 9.36 29.34 50.70 70.38 72
Total 18.27 20.00 44.15 82.42 146.11 56
Yield (t ha™)
Soybean 0.94 1.53 0.97 1.34 1.86 72
Groundnut 0.84 1.36 0.90 0.89 1.15 77
Pulse 0.55 0.59 0.60 0.59 0.85 69
Total 0.65 1.09 0.72 0.80 1.27 63

Production (m

t
) 0.44 15.78 4.66 20.88 103.07 20
Soybean

4.89 0.44 9.02 14.35 23.37 61
Groundnut

6.54 5.50 17.75 29.79 59.90 50
Pulse

11.87 21.72 31.43 66.02 186.33 35
Total

Source: Norman et al. (1995).
Challenges of legumes in human nutrition

Legumes contain non-nutrient bioactive compounds or anti-nutrient like linins, protease inhibitors,
though non-toxic but could generate adverse physiological effects and interfere with protein
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digestibility of some minerals. They are however rich in alkaloids, saponins and other phytochemicals
that prevent cancers, heart diseases and other chronic degenerative diseases (Kouris-Blazoas and
Belski, 2016).

Inadequacy of the knowledge of their nutrition and functional benefits has limited the attention given
to their other factors associated with their limited use include flatulence, difficulty in cooking, myths
about their consumption. Low yields, poor seed availability, lack of market, labour intensive and lack
of awareness of indigenous legumes.

Way forward
Development of new legumes products hence increasing the production for commercial purposes by
local farmers could help to improve food security.

Rinsing legumes and changing the boiling water several times could significantly reduce the
oligosaccharides responsible for the bloating and flatulence in legumes.

The need for aggressive education worldwide about the nutritional values of legumes, genetic
modification to develop transgenic leguminous species that cook fasters and have low level of anti-
nutrients (Messina, 2016).

Soaking prior to cooking also softens the seeds thereby reducing cooking time.

Nigeria is endowed with favourable ecologies for the production of legumes hence moves to increase
legume production should be intensified in the country.

Building economically sustainable and effective legume seed systems in Nigeria are seen as a way of
boosting legume production to meet the Nigerian seed road map target. The use of legumes to
improve soil nitrogen content can also be a practicable way to improve soil fertility that guarantees
food security.

Conclusion

Humanity is facing a lot of global challenges and the chief among these is achieving food security for
a rapidly growing population estimated by United Nations (2019) as 7.7 billion. Adopting legume-
based cropping practices could improve the food security of Nigeria. This has to do with recognizing
the numerous benefits of grain legume production as well as other strategic legume species. The
potential for introducing improved production practices in food legumes will enhance security of food
and nutrition of farmer. There is power in nature’s pulses to enhance food security and mitigate the
degrading environments. Agbogidi et al., (2019) posited that global food security requires a major
refocusing of plant sciences, crop improvement and production agronomy. Throughout the world,
legumes of different classes are used for household food security.
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Abstract

The study assessed the relationship between agro-credit from commercial banks and economic
growth in Nigeria from 1981 to 2016. Data for the study were obtained from the Central Bank of
Nigeria’s statistical bulletin and analysed on EStatal4 with descriptive statistics and Pearson
Correlation. The Pearson correlation coefficient was high, positive and statistically significant (p <
0.01) for the relationship between TCNB and ACNB (0.9938) and between ACNB and GDP
(0.8140). Also, the Pearson correlation coefficient between RACTC and GDP was moderate, negative
(-0.6580) and statistically significant (p < 0.01). It was concluded that agro-credit from commercial
banks was associated with increase in economic growth. The study recommended that commercial
banks should increase credit allocation to agricultural sector, while, in conjunction with the Central
Bank of Nigeria, review proportional credit allocation to key sectors.

Keywords: Agro-credit, total credit, commercial banks, gross domestic product.

Introduction

Economic growth refers to an increase in the capacity of an economy to produce goods and services
within a period of time. It can also be seen as the increase in the inflation-adjusted market value of
goods and services produced by an economy over a given period of time. Economic growth, often
measured by the gross domestic product (GDP), refers to annual increase in productivity over a given
period of time (Ayeomoni and Aladejana 2016). Economic growth can be intensive or extensive. It is
intensive when it is caused by more efficient use of inputs typified as increased productivity of
labour, capital, energy or material resources. On the other hand, economic growth is extensive when
it is caused by increase in the amount of inputs available for utilization by various agents of
transformation, especially in the sector where the country in question has abundance of natural
endowment or comparative advantage. Agriculture contributed 90 % of the Nation’s GDP and foreign
exchange before oil boom was discovered in Nigeria in early 1970s. Commercial agriculture requires
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substantial capital injection. The capital often emanates from domestic savings, foreign investment or
credit sources.

Agriculture credit is essentially a development strategy in a variety of ways. It promotes agricultural
investment and adoption of technology necessary to spur economic growth. Although, agriculture
finance is only one of the growth factors, it is one of the more important factors in attaining the
objectives for overall development of an economy. Several credit schemes have been put in place in
Nigeria. Awotide et al. (2015) and Ayeomoni and Aladejana (2016) stated that successive
governments in Nigeria have formulated and implemented several financial programmes all aimed at
ensuring availability of funds to agricultural sector in order to boost real sectors thereby lead to
economic growth and development. These financial measures were aimed at spurring overall
economic development.

The schemes are administered by the Central Bank of Nigeria (CBN) through commercial banks. In
their collaboration with the CBN, the commercial banks focus attention on four key sectors. These
sectors are production (agriculture, forestry and fishery; manufacturing; mining and quarrying; and
real estate and construction), general commerce (bills discounted, domestic trade, exports and
imports), services (public utilities, transport and communications, and credit to financial institutions),
and others (government, personal and professional, and miscellaneous).

Commercial banks are custodians of depositor’s funds and operate by receiving cash deposits from
the general public and loaning them out to the needy at statutorily allowed interest rates (Ngure,
2014). In Nigeria the financial sector is dominated by commercial banks, therefore any failure in the
sector has a grave consequence on the economic growth and development of the country (Ndubuaku
et al.,, 2017). In addition, commercial Banks as financial intermediaries perform financial
intermediation function of mobilization and allocation of funds from the economic surplus (lenders)
to the economic deficit unit (borrowers). This function is directly linked with banks profitability
which encourages economic growth.

On the impact of agricultural development on economic development, Lewis (1954) theorised that
agriculture was the basis for industrial growth and development. Thus, the engine of growth and
development of any society must start with agricultural production. Irgco (2004) stressed that with
mechanization, labour could be freed for industrial development. Enoma (2010) found that
agricultural variables (interest rate, exchange rate and credit to agricultural sector) had impact on
economic growth. Ayeomoni and Aladejana (2016) found that short and long run relationships
existed between agricultural credit and economic growth in both short and long runs.

Problem Statement

Despite the existence of several financial packages, credit requirements of farmers are hardly met.
Also, delay in disbursement of public loans constitutes an impediment to growth. This can result in
loan diversion. Furthermore, commercial banks hardly approve loans to agriculture and or do so at
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higher interest rates with other stringent conditions. Also, commercial banks are discouraged from
devoting their attention to agricultural sector because of the economic nature of land holdings and
lack of acceptable securities (Bassey et al., 2014 in Ayeomoni and Aladejana, 2016). Similarly, Rahji
and Fakayode (2009) in Awotide et al. (2015) indicated that banks’ perception of agricultural credit
as a highly risky venture limit credit allocation to the sector.

While, Child (2008) observed that the impact of agricultural sector on economic growth and
development has been minimal, Adetiloye (2012) noted that supporting agriculture by way of finance
and subsidies have been held to distort the financial markets, leading to higher financing costs, and
can slow down the rate of growth of the domestic economy. Hence, the impact of agro-credit on
economic development has mixed results. The study, therefore, seeks to examine the summary
statistics of commercial banks’ credit to agriculture, total credit from the commercial banks to the
economy, the ratio of agro-credit to total credit from the commercial banks, and GDP from 1981 to
2016. It was hypothesised that there is no significant relationship between total credit and agro-credit
from commercial banks; there is no significant relationship between agro-credit and GDP; and there
Is no significant relationship between the ratio of agro-credit to total credit and GDP.

Methodology

The study focused on Nigeria’s economy from 1981 to 2016. Time series data for the study were
obtained from CBN and analysed with descriptive statistics (mean, standard deviation and coefficient
of variation) and Pearson correlation. The models for the hypotheses include:

nxxy — XxXy
[z — @02 [nzy? - (23)2]

T =

where,
r = correlation coefficient; X = Total credit from commercial banks in N billion (TCNB)

Y = Agro-credit from commercial banks in N billion (ACNB)

nXxy — XxXy
[z = o2 [inzy? - 3)21]

T =

where,

X = Total credit from commercial banks in N billion (TCNB); Y = GDP (N billion)
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nXxy — XxXy
J [[nZx2 — (2x)?]][[nZy? — (Zy)?]]

T =

where,

X=Ratio of agro-credit to total credit from commercial banks in % (RACTC); Y=GDP (N billion)

Results and Discussion
Summary Statistics of Commercial Banks’ Credit

The summary statistics of commercial banks’ credit between 1981 and 2016 presented in Table 1
shows that, in N billion, the average agro-credit, total credit, and GDP were 207.85, 6,332.81 and
22,393.38, respectively, while the RACTC was 8.66 %. The result of RACTC implies that only 8.66
% of total credit from commercial banks was allocated to the agricultural sector. This is considered
low since agriculture is the mainstay of Nigeria’s economy. The result further showed that agro-credit
had the highest coefficient of variation (2.42) while RACTC had the least (0.66).

Table 1: Summary Statistics of Commercial Banks’ Credits (N = 36)

S orocredt | Toal et 0P| (M g MG
(RACTC) (%)

Mean 207.85 6,332.81 22,393.38 | 8.66

Standard deviation 502.16 15,051.03 31,287.38 | 5.73

Coefficient of variation | 2.42 2.38 1.40 0.66

Skewness 291 291 1.33 0.45

Kurtosis 9.88 10.15 3.39 1.85

Source: Computed from Statistical Bulletin of the Central Bank of Nigeria, 2016.
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Relationship between Total Credit and Agro-credit

The analysis of the relationship between total credit (TCNB) and agro-credit (ACNB) is presented in
Table 2. The result shows that the Pearson correlation coefficient (0.9938) was high, positively signed
and statistically significant (p < 0.01). The implication is that there was significant relationship
between total credit and agro-credit. The result further implied that a one percent change in TCNB is
likely to grow ACNB by 0.9938 percent.

Table 2: Relationship between TCNB and TCNB (N = 36)

TCNB ACNB
TCNB 1.0000
ACNB 0.9938* 1.0000
Sig. (2-tailed) 0.0000

* statistical significance at 0.01 level

Relationship between ACNB and GDP

The analysis of the relationship between ACNB and GDP is presented in Table 3. The result shows
that the Pearson correlation coefficient (0.8140) was high, positively signed and statistically
significant (p < 0.01). The implication is that there was significant relationship between ACNB and
GDP. A one percent increase in ACNB would be associated with 0.814 percent increase in Nigeria’s
GDP. Hence, agro-credit from commercial banks was associated with GDP in Nigeria within the
period under review.

Table 3: Relationship between ACNB and GDP (N = 36)

ACNB GDPNB
ACNB 1.0000

GDPNB 0.8140* 1.0000
Sig. (2-tailed) 0.0000

* statistical significance at 0.01 level
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Relationship between RACTC and GDP

The analysis of the relationship between RACTC and GDP is presented in Table 4. The result shows
that the Pearson correlation coefficient (-0.6580) was moderate, negatively signed and statistically
significant (p < 0.01). The RACTC was introduced as a measure of proportional credit to agriculture
as it affects GDP. This result implies that a one percent increase in RACTC was associated with
0.6580 percent decrease in GDP. This shows that, with respect to GDP growth, proportional credit
allocation to agriculture was faulty.

Table 4: Relationship between RACTC and GDP (N = 36)

RACTC GDPNB
RACTC 1.0000
GDPNB (0.6580)* 1.0000
Sig. (2-tailed) 0.0000

* statistical significance at 0.01 level

Conclusion and Recommendations

The study concluded that agro-credit from the commercial banks was associated with increase in
GDP in Nigeria. It was recommended that commercial banks should increase credit allocation to the
agricultural sector to sustain growth in GDP. In addition, proportional credit allocation by
commercial banks should be reviewed by the Central Bank of Nigeria and other stakeholders to
reverse the negative trend in the relationship between RACTC and GDP.
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Abstract

The study analysed the effects of agricultural commercialization on poverty status of maize farming
households in Niger State, Nigeria. A total of 252 respondents were selected through a multi-stage
sampling procedure from the three agricultural zones in the state. Data were collected through
structured questionnaire administered to the sampled respondents and interview schedule. Analysis
of the data collected was done using descriptive statistics, HCI and FGT formulae, Logit and OLS
regression models. Results showed that an average respondent was 43 years old, 93.60% of them
were males and 92.86% were married. The farming households had an average household size of 7
persons. Also, 54.76% of the respondents lack formal education and 68.20% were full time farmers.
The farmers were moderately commercialized with mean HCI of 54.56% recorded. 83.33% of the
farmers were classified poor based on World Bank $1.90 per day poverty line threshold while only
45.24% of them were poor based on FGT poverty measures. Agricultural commercialization had a
significant relationship with the poverty status of the maize farming households at p<0.01 probability
level. The OLS regression estimates revealed that household size (p<0.01), age of the farmer
(p<0.10), farm size (p<0.05), crop output (p<0.10) and the level of household commercialization
(p<0.01) were the significant determinants of household subsistence orientation in Niger State. Lack
of insurance and lack of extension service delivery among others were constraints faced by the
farmers. The study concluded that agricultural commercialization has a significant potential of
alleviating poverty among the maize farming households in Niger State. It was recommended that
government through relevant agencies should develop appropriate policies and strategies to promote
the commercialization of smallholder agriculture in Niger State and farmers should effectively make
worthwhile the efforts of government and other stakeholders to form and maintain effective farmer
groups to take advantage of credit facilities other financial services offered by microfinance and
other financial institutions available in the area.

Keywords: Agriculture, Smallholder, Farming households, Commercialization, Poverty
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Introduction

Agriculture is critical to achieving global poverty reduction targets and it is still the single most
important productive sector in most low income countries, often in terms of its share of Gross
Domestic Products (GDP) and almost always in terms of the number of people it employs
International Development Association, 2009 (IDA). In countries where the share of agriculture in
overall employment is large, broad-based growth in agricultural incomes is essential to stimulate
growth in the overall economy, including the non-farm sectors selling to rural people. Hence, the
ability of agriculture to generate overall GDP growth and its comparative advantage in reducing
poverty will vary from country to country Food and Agriculture Organization (FAO, 2012). The
majority of the poor and food insecure in Africa live in rural areas, and most of them depend on
agriculture for their livelihoods. To support broad-based poverty reduction and food security in
Africa, investment in small scale agriculture must centrally focus (Garvelink et al., 2012).

Poverty alleviation is a process which improves the standard of living of the poor, thus, reducing the
proportion of individuals or households who are living below an acceptable minimum standard of
living. According to Kraai (2015), poverty alleviation aims at reducing the negative impact of poverty
on the lives of poor people in a sustainable way. Poverty in Nigeria is pervasive despite the country
being rich in human and material resources that should translate into better living standards. The high
poverty rates in Nigeria go beyond low incomes, savings and growth because these are compounded
by the high level of inequality resulting from unequal access to income opportunities and basic
infrastructure (Sadig and Kolo, 2014). In Nigeria, poverty is on the increase despite the country’s
sixth position as the world largest oil exporter (Ahmadu and Alufohai, 2011). The incidence and
depth of poverty over the past few decades in the country continue to worsen (Ahmadu and Alufohai,
2011), being worse than the rates in most countries of the world (Kanayo, 2014).

Agricultural commercialization is the process by which farmers produce surpluses which can be sold
in the market and thus increase their market participation (Jayne et al., 2011). Salami et al. (2010)
further added that improved market participation is a strategic precondition for transformation of the
agricultural sector from subsistence to commercial production. In line with policy thrusts, the Federal
Government of Nigeria in recent times has consistently promoted the increasing commercialization of
agricultural production through its different schemes, policies and programmers. For example the
focus of the Agricultural Transformation Agenda (ATA) is to formulate policy and regulatory
framework that will enhance quality compliance with local, regional and international standards;
facilitate measures that will foster private sector investment into the sector and provide means for
strong public private partnership (Ajani and Igbokwe, 2014).

The aim of the study is to examine the effects of agricultural commercialization on poverty status of
maize farm households in Niger state. The specific objectives of the study are to: (i). describe the
socio-economic characteristics of farm households on commercialization in the study area, (ii)
determine the level of commercialization and poverty status of maize farm household, (iii) determine
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the effect of commercialization on poverty status of maize farm households, (iv)analyze the
determinants of subsistence orientation among maize farm households, (v) identify the constraints,
face by commercialize maize farm households in Niger state.

Methodology
Study Area

The study will be undertaken in selected Local Government Areas (LGAs) of Niger State, Nigeria.
Niger State is located between Latitudes 8°22’'N and 11°30'N and Longitudes 3°30'E and 7°20'E. The
State is bordered by Zamfara and Kebbi States in the North and North-west respectively, Currently,
the State covers a total land area of 74.244 sq.km, which is about 8% of Nigeria’s total land area. This
makes the State the largest in the Country (www.nigerstate.gov.ng). The population of the State was
3,950,249, comprising 2,082,725 males and 1,867,524 females (National Population Commission
(NPC), 2006). The projected population of the State as at 2016 was 5,556,200 (United Nations
Population Fund (UNFPA), 2016). The State is divided into three agricultural Zones (that’s Zone I,
Zone 1l and Zone 111 respectively). Zone Il is made up of Suleja, Tafa, Paikoro, Chanchaga, Bosso,
Gurara, Shiroro, Rafi and Minna.

Method of Data Collection

Primary data was used for the study. The data was collected using a well-structured questionnaire
administered to the respondents by the researcher and a team of trained Extension Agents.
Information on the socio-economic characteristics of the farmers such as age, gender, marital status,
farm size, level of education, years of farming experience, access to extension services, crop
enterprises undertaken access to credit, agricultural input usage costs, output levels, expenditures,
poverty status, prices as well as constraints faced in commercialization by farmers in the study area
were the data required for the study.

Analytical Techniques

Combinations of analytical techniques were used to collect data in the study area. These include
descriptive statistics, Household Commercialization Index (HCI), Foster Greer and Thorbecke (FGT)
index, Logit regression and multiple regressions was employed to analyze the data elicited from the
field. Specifically, Objectives (i) and (v) was achieved using descriptive statistics such as frequency
distributions and means. HCI and FGT index was used to achieve objective (ii), Logit regression was
also used to achieve objective (iii) and multiple regression analysis was used to achieve objective

(iv).
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Specification of Models
Household Commercialization Index (HCI)

The Household Commercialization Index (HCI), will be use in assessing the current level of
commercialization among maize farm households in the study area. The HCI formula was used by

Edward et al. (2012) and is adopted which is expressed as: = {
100 (1) Where,

Gross value of crop salesppijyearj }*

Gross value of all crop producedppiyearj

HCI; refers to the extent of it household’s commercialization. That is, it measures the degree to
which a household sold its output to the market. The index measures the ratio of the gross value of
crop sales by household i in year j to the gross value of all crops produced by the same household i in
the same year j expressed as a percentage. The index measures the extent to which household crop
production is oriented toward the market. A value of zero would signify a totally subsistence oriented
household and the closer the index is to 100, the higher the degree of commercialization. The
advantage of this approach is that commercialization is treated as a continuum thereby avoiding crude
distinction between “commercialized” and “non-commercialized” households. The effectively bring
subsistence food production to the centre of discussions about commercialization.

Results and Discussions
Socioeconomic characteristic of farmers in the study area

The socioeconomic characteristics of the respondents under consideration include age, marital status,
sex of household head, household size, years of farming experience, level of education among others.

As showed in Table 1, 50.0% of the respondents were between the age of 41-50 years while 33.7%
were within the age of 31-40 years. The mean age of respondents was 43.2 years, implying that
respondents in the study area were still in their active and productive age, young, agile with lots of
innovative ideas in commercialization of agricultural produce. However, this could go a long way in
reducing poverty among the households. This finding agreed with Adepoju (2018), who reported that
majority of farmers in Oyo State, Nigeria were young and in their productive age.

Majority (92.9%) of respondents were married while 3.6%, 3.2% and 0.4% were widow/widower,
single and divorced respectively. This finding implies majority of respondents were married.
However, married respondents are expected to benefit from unpaid family labour that will enhance
production and marketing of farm produce. On the other hand married could be disadvantageous
when it comes with lots of responsibilities among households in the study area. This finding agreed
with Adepoju (2018), who reported that married household were more into commercialization that
single households in Oyo State, Nigeria. It’s revealed that 93.6% of the household were headed by
men while 6.4% were headed by female. This implies that majority of the household were headed by
males. This might be attributed to belief in the rural area that always recognizes men as the household
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head and major decision making in Nigeria. It also indicated that 50% of the respondents had
household size of between 6 — 10persons while 34.1% had household size of between 1-5 persons.
The mean household size of the respondents in the study area was 7.0 persons. This implies that
respondents were of moderate household size. However, moderate household size is expected to
make provision for unpaid family labour that will enhance agricultural commercialization and also
reduce poverty in the study area. This study agreed with Mohammed et al. (2018), who reported that
the majority of household in Niger State, Nigeria had moderate household size. Majority (54.8%) of
respondents had non-formal education while 25.8% had tertiary education. Also, 12.3%, 4.8%, 1.6%
and 0.8% had secondary, Qur’anic, junior and primary education respectively. This finding showed
that most of respondents did not have formal education. However, this is strong indication of low
literacy level among farming households and this could negatively affect agricultural
commercialization and poverty status of farmers especially those with few years of experience in
farming. This finding is in line with Barnabas et al. (2019), who reported low literacy level among
farming households in Kogi State, Nigeria. It also showed that (51.9%) of the respondents had
farming experience of between 11-20 years while 21% had farming experience of 21-30 years. The
mean farming experience of the respondents was 21.1 years. This implies respondents in the study
area had been in farming business for long period of time. However, large experience could serve as
practical expertise gathered over a long period of time which could serve as catalyst to improve
commercialization and poverty reduction. This finding did not contradict Adepoju (2018), who
indicated that commercialization in agriculture increase with increase in farming experience. It
revealed that 68.2% were full time farmers while 31.8% were part-time farmers. This implies that
most of the respondents were into full time farming. This finding was similar with that of Olaoye et
al. (2016) who reported that majority of fisher forks in Nigeria were full time farmers.

Distribution of respondents according to socio-economic characteristics

Variables Frequency Percentage Mean
(n = 252)

Age 43.20
21-30 15 5.95

31-40 85 33.73

41-50 126 50.00

51-60 22 8.73

>60 4 1.59

59| Page



Marital status

Married 234 92.86
Single 8 3.17
Widow/widower 9 3.57
Divorced 1 0.40

Household head

Male 236 93.60

Female 16 6.40

Household size 7.00
1-5 86 34.13

6-10 126 50.00

11-15 35 13.89

>15 5 1.98

Level of commercialization among the maize farming households

The result of the analysis of the level of commercialization among the farming households are
presented in Tables 2 and 3 The levels of commercialization were categorized into low, moderate and
high following Alhassan (2017) based on the computed household commercialization index (HCI).
Farmers with HCI range of 0.00 to 33.33 were categorized to have low level of commercialization;
those with HCI of 33.34 to 66.67 were categorized as moderately commercialized while those with
HCI of 66.68 and above were regarded as highly commercialized. The result revealed that most of the
farmers representing 58.73% were moderately commercialized while 21.83% and 19.44% had low
and high commercialization levels respectively. This implies that the farmers have multiple farming
objectives such as achieving household food security and profit maximization in the area. The result
of the summary statistics presented in Table 4.4 further revealed that the mean household
commercialization index of the farmers recorded in the area was 54.56%. This implies that on the
average, the maize farmers in the area sold a total of 54.56%of their farm produce. Thus, the farmers
could be considered to be moderately commercialized in the area. This is finding similar o the
findings of Alhassan (2017) who reported a mean HCI of 67.25% for rice farmers in Niger State. This
is also consistent with Ele et al. (2013) and Osmani and Hossain (2015) who reported that the degree
of commercialization in Nigeria is moderately high (about 60.40%).The result further showed that the
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household commercialization index ranges from 14.49% to 89.92% in the study area. This indicates
that the most commercialized farmers sold about 89.92% of their total produce and the least
commercialized household sold only about 14.49% of their total produce.

Level of household commercialization

Household commercialization level Frequency Percentage
Low (0.00 — 33.33) 55 21.83
Moderate (33.34 — 66.67) 148 58.73

High (66.68 — 100.00) 49 19.44
Total 252 100.00

Poverty status of maize farming household

The poverty status of the maize farming households was analyzed using both the World Bank $1.90
per day poverty line threshold and the FGT poverty measure. The results of the analyses were
presented in Tables 4 and 4.1.The result of the analysis using the World Bank poverty measure
approach revealed that only 16.67% of the farmers were non-poor while an overwhelming 83.33% of
them fall under the poor category. Among the poor farmers, 33.33% were mildly poor, 48.02% were
moderately poor while only 1.98% were extremely poor. More so, based on the FGT poverty
measures, farm households were categorized into poor and non-poor. The result showed that only
45.24% of the farmers were poor while 54.76% of them were non-poor. It is noteworthy that both the
World Bank and FGT poverty measures revealed that poverty is still a major issue of concern in the
area.

Poverty status of maize farming households

Poverty International poverty measure FGT measure
status
Frequency Percentage Frequency Percentage
Non-poor 42 16.67 138 54.76
Mildly 84 33.33 114 45.24
poor
Moderately 121 48.02 - -
poor
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Extremely 5 1.98 - -
poor

Total 252 100 252 100

Conclusion and Recommendations

From the findings of this study, it was concluded that agricultural commercialization has a significant
potential of alleviating poverty among the maize farming households in Niger State. The maize
farming households were moderately commercialized with an average HCI of 54.56 and poverty
remains a major issue of concern among the farmers in Niger State. More so, other significant factors
that influence the poverty status of farming households in Niger State were marital status, household
size, education, off-farm income, credit amount obtained, access to extension services and sex of the
household head. Household size, age of the farmer, farm size, crop output and level of household
commercialization were the significant determinants of household subsistence orientation in Niger
State.

Based on the empirical evidence emanating from the findings of this study, the following
recommendations were made;

1. Government must develop appropriate policies and strategies to promote the
commercialization of smallholder agriculture. Particular attention should be focused
on campaigns, sensitization and training of farmers to view farming as a business as
well as equipping farmers with marketing and negotiation skills.

2. Policy thrust should aim at strengthening of extension services delivery system,
reducing the wide gap of extension agent to farmer ratio, introducing market
linkage related packages and periodic training and upgrading of the skills of
extension agents on most effective way of technology package and delivery.
Extension agents must also be well motivated by the government through the
relevant agencies to regularly visit and monitor the progress of smallholder farm
households.
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Abstract

The research examined local rice production trends and factors inhibiting the consumption of local
rice from 1980 to 2016 in Benue State. Primary data and secondary data were used. Multi — stage
random sampling method was employed in selecting respondents. Primary data were collected from
one hundred and fifty-six (156) respondents. Descriptive statistics, Z — test, Growth model and
kendall's coefficient of concordance were used for the analysis. The results revealed that from 1980
to 2016total of 9.5 million MT of local rice was produced in Benue State. The result also shows that
the respondents were all married (99%) having household size of 1 - 10 persons (95%) with mean
household size of 8 persons. The result further indicated that majority of respondents’ attained tertiary
school level. The result also shows that the respondents were having low income (40.3%). The mean
quantity of local rice production in Benue State was 257,333.06M T per year. The instantaneous
growth trends of local rice production and price were 0.00122 and 0.01103. Compound growth rate
were 3.72 MT and 3.76MT. The result also indicate d that majority of respondents were above the
age of 41 years (49%) with the mean age of 47 and all respondents were male. The presence of
stones, poor aroma, impure rice and broken grain were some of the factors inhibiting consumption of
local rice in Benue State

Key words Consumption, Factors, Growth, Local rice, Production, Trends.
Introduction

Rice is an important food crop and major normal food for up to half of the world’s population
(Daudaet al. 2019). It is also the staple food in most African countries, providing dietary energy to
the rapid increasing population (Daudaet al. 2019). In Africa, rice provides 715 kcal, 27% of
nutritional supply of energy, 20% of nutritional protein and 3% of nutritional fat (Daudaet al. 2019).
Rice occupied fifth major source of energy in diet for mankind, providing 9% of caloric usage (FAO,
2012).
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Rice is a source of raw material for industries and offers job opportunity for the growing Nigerian
population of different forms, from the onset of rice cultivation, processing, wholesales and sales to
final consumers (Marliaet al. 2011). Local rice is all rice, regardless of improved or non- improved
varieties that are produced within Nigeria. They are non- refined and non-polished rice that are
produced by removing the husk of rice. The rice retains the nutrient in bran during soaking and
parboiling (Tonifelix, 2017). The objective of the study was to examine the growth trends and
inhibiting factors of local rice and rank them as shown in the Table 5 below.

Materials and Methods

The study area is Benue State, created in 1976 and is located in the middle belt. The State is within
latitudes6® 25™and 8° 8™Nof the equator and longitudes7® 47®and 10° 0'Fof the Greenwich meridian
(NPC, 2006). Benue State stretches across the transition belt between the forest and savannah
vegetation. Much of the areas consist of undulating hills or grassy open space on the North and dry
savannah on the South.

A multi-stage sampling method was used in the selection of respondents. The first stage was selection
of two local government Areas purposively due to higher concentration of production of local rice,
from each agricultural zone. This makes a total of six (6) local Government areas in all from the three
(3) Agricultural zones in Benue State.Enumeration areas were also randomly selected from local
Government areas. Sampling frame of households were generated using 2006census Enumeration list
The final stage was simple random proportion sampling of 156 household heads from sample frame
of 246,172 respondents from 6 local governments in the state using Taro Yamane’s formula at 8%
precision as detailed in the Tablel.

Taro Yamane’s formula stated as n = N/ 1+N(e)2'ExampIe

Sampling frame of each EAs was obtained from enumeration list of 2006 National population census
through random sampling given a total of 246,172.

Table 1 Sampling distribution of respondents by zones in Benue State

Sampling
Zones LGAs EAs Frame Sample size
1 Logo Ayyin 14,920 9
Ugba 16,510 10
Kwande  Adikpo 16,507 10
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Ada 14,491 9

Ushah 15,009 9
2 Ghoko Ghoko 20,254 13
Vende 21,210 13
Masajeipav 11,950 8
Makurdi  Gyado 26,107 17
Nbalah 27,230 17
3 Agatu Igha 11,501 7
Obagaji 10,850 9
Oturkpo  Adikwe 20,420 13
Okpomoju 19,143 12
Total 246,172 156

Source; 2006 National population census figure

Data were analysed using both descriptive statistics and non-parametric methods. Growth Modelwas
used to analyse the exponential trend or log —linear trend of local rice. It was used to model trend in
rice production. The exponential or log — linear trend equation for the output of local rice production
and price in Benue State was presented as

LNPro=Po +B1" +6j =mmrmmmremmmrmmmemm e 1)

Lnprice = Bo +P1" + € memmmmmem e (2)

Where

Lnpro= Quantity of local riceoutput (measured in metric tons) at period t

Lnprice= value of quantity oflocal rice output (measured in million of naira) at period t
Bo=the constant in the regression line

B,=the trend coefficient

t = trend measured in years
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€= error term

The point in time growth rate (instantaneous growth rate) model is given as

Growth rate =P1'X 100------nn==-sssmmmmmmmmmmmmmmmmmmmmmmmmmmme (3)
Where

Bi=relative change in quantity of output

t = trend measured in years

Multiplying the relative change in local rice output by 100 gives the percentage change or growth rate
in local rice output for change in time.

After the estimation of equation 3 at certain point in time growth rate of local rice, the compound rate
of growth was computed in line with (Onu et al, 2015) as

r= (eB— 1)X 100----=====mmmmmmmmm oo ceem- (4)

Where

e= Euler’s exponential constant (2.71828)

;= estimated co efficient in equations (1) (2) and (3) respectively

(Years) of money (price) measured in naira per metric tons at period t considered

Kendall’s Coefficient of Concordance.

Result and Discussion

Socio economic Characteristics of the Local rice Consumers in the Study Area.The result in Table2
shows that most of the respondents fall within the age range of 41 - 50 years (49%). This is an
indication that majority of the respondents have large family sizes that led to larger consumption of
food especially local Rice.This is because family increases with age as matured ones got married and
bear children. This corroborates the work of lweke and Ederewhenbe (2018) who asserted that as the
age of youths increases they get marry and family size increase and this increase consumption of rice.
The mean ages of the respondents were 47. Income of the household head has great impact on local
rice consumption pattern, as opined by Ehiakpor et al. (2017) as their income determine the quantity
of local rice that will be purchased. Household size determines the quantity of local Rice to be bought
and consumed. The household size was relatively high among the respondents. Majority of the
respondents have household size of 1-10 persons. The mean household size was 8 persons. Majority
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of the respondents were educated in one way or the other. It is assumed that a well-educated
respondent can easily get access to information concerning nutritional value of all kinds of local rice
available in the market. This agrees with the works of Qisthyet al. (2018) who argued that literate
consumers used labels on packaged bags to identify the products of their choiceeasily. Income is a
vital factor that influences household food consumption. As income of household increases the rice
consumption also increases (Salihuet al. 2017.The result presented in table 2 shows that 64% of the
respondents were low income earners. The implication is that there will be low demand and
consumption of local rice. This agrees with the studies of Salihuet al. (2017), who argued that income
may affect the consumption oflocal rice..

Table 2: Socio — economic characteristics of the respondents

Variables Frequency Percentage
Age

20 -30 2 1

31-40 32 21

41 -50 78 49

51-60 8 5
Total(mean) 156(47) 100
Gender

Male 156 100

Total 156 100

Household size

1-10 118 75
11-20 38 25
Total(mean) 156(8) 100
Edu.level

Primary 29 19
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Secondary

tertiary

Non formal

Total (mean)
Annual income
201,000 -300,000
301,000 — 400,000
401,000 — 500,000
501,000 — 600.000
601,000 — 700,000
701,000 — 800,000
801,000 - 900,000
901,000 — 1,000,000

Total (mean)

53
73

156 (39)

12
3

63
11
7

17
22
21

156 (489

34

47

100

7.5
1.9
40.3
7.4
4.4
10.8
14.2
134

100

Source: Field survey2017

The mean scores were ranked as detailed in Table 5 below. The pattern in rice production and price in
Benue State covering the period of 1980 — 2016 were observed. It is clearly shown that the total of
9.5 million metric tons of local rice was cultivated in Benue State from 1980 — 2016. The quantity of
local rice cultivated in Benue State differs from minimum of 69,528.2 in 1980 to maximum o0f341,
735metric tons in 1996. The cultivation of rice increased from 69,528.2 metric tons in 1980 to
251,718.4 metric tons in 1982 and declined to 184,277.6 metric tons in 1983. The production picked
up in 1984 to 241,737.6MT continuous in 1985 and declined back to 20,1960 metric tons in 1997.
The production in 1998 witnessed increase of 253713.6 thousand metric tons and got to the peak of
276,808 in 2002 production period. In 2003 production was less by 808 thousand metric tons but
started increasing in 2004 from 272080 metric tons and got the peak of 341286 metric tons in 2011

production period
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Table 3 shows the quantity of local rice growth and price in Benue State. There was significant
growth of local rice and price from 1980 — 2016. The result depicted that the coefficient of time
variable was also positive and significant at 1% in respect of quantity produced and the price of rice
within these production seasons.. The Table 3 also shows that the coefficient of determination were
(R? = 0.4962) for the local rice production and (R? = 0.7054) for the price and were all significant at
1% ( p< 0.000) during the period.

Rate of Growth of Production and Price in Benue State (1980 — 2016).

Table 3.Estimated exponential trend equation for quantity produced and price in Benue State (1980 -
2016)

Dependent Variable Bo B, R? Adj. R* F-ratio
Qty of production 1991.94 0.0000122 0.4962 0.4781 0.000***
Price per tonne 1986.806  0.0001103 0.7054 0.6970 0.000***

*** represent 1% significant level

The computed growth rate of local rice produced and price in Benue State within these periods were
presented in Table 4 below. These slope coefficients were multiply by hundred to obtained growth
rate. The growth rate of 0.00122% and 0.01103% for local rice production and price revealed that
over the period of 1980 — 2016 the production and price of local rice in Benue State increased at
apoint in time. The compound growth rate (r) were also estimated from point in time growth rates. In
a related development the compound growth rate for 1980 — 2016 were 3.72% and 3.76%
respectively.

Table 4 Point in time growth rate and Compound growth rate for quantity of local rice production
and price in Benue State (1980 — 2016)

Variable Parameter B Point growth rate  Compound growth
rate

Qty of local rice produced 0.0000122 0.00122 3.72

Price of local rice produced 0.00011 0.01103 3.76

Source: Computed by Researcher 2017

The Table 6 below indicates that 62% of the respondents agreed that local Rice inhibiting factors
were presence of stone, poor aroma, poor taste, broken rice grain, Rice with debris, low swelling
ability and presence of foreign materials. The result in Table 5 revealed that presence of stone in local
Rice has mean score of 1.38 and was ranked 1%.. Ranked next is poor aroma and impure with mean
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scores of 3.30 and 3.73 respectively. This corroborates the work of Diakoet al. (2010) confirmed that
local rice without aroma have low demand. In Table 5 broken local rice grain and poor taste were
ranked 4™ and5™ This work disagreed with the findings of Diagneet al. (2017) who confirmed that
about 77% of the respondents prefer broken Rice grain to whole — grain. The presence of foreign
materials and low swelling ability were ranked 6" and 7™ This corroborate the findings of
Abubakaret al. (2015), who confirmed that rice with low swelling ability always have low patronage.
The study also reveals that rice with debris have the mean rank score of 6.37. This has positive and
significant impacts on buying local rice. Better taste and good clean appearance were the two main
features of high quality local Rice.

The Kendall’s coefficient of concordance gave 62% of the sampled consumers were in total
agreement with each other those there were different inhibiting characteristics of local Riceand these
characteristics have significant effect on consumption.

Table :5 Inhibiting factors of local Rice in Benue State with mean and rank Scores

Inhibiting factor Mean scores Rank scores
Presence of stone 1.38 1
Poor aroma 3.30 2n
Impure local Rice 3.73 3"
Broken grain 4.00 4"
Poor taste 5.13 5"
Foreign materials 5.84 6"
Low swelling ability 6.23 7"
Local Rice with debris 6.37 g"

Source: Field survey, 2017

Table 6: Factors Inhibiting Consumption of Local Rice Hypothesis Testing

Test Statistics Estimated value
N 281
Kendall’s W 0.62
Z- calculated 41.3
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Z critical 0.000

Source: Field survey, 2017
Conclusions and Recommendations

The study which cover the period of 37 years has shown that local rice consumes was middle aged
(40 — 51). The household heads were all male with high household size and mean of 8 persons.
Majority of the respondents were educated (81%) and low income earners. The growth rate of
production and price were low. The study also concluded that poor qualities associated with local rice
were inhibiting factor that limited the consumption. The study recommended that quality of local rice
should be enhanced to motivate consumption. The breeders and scientist should breeds local rice with
aroma and grain tolerant to breakage during milling consumers.
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Abstract

The study analyzed the costs and benefits as well as the socio-economic characteristics of maize
farmers in Giwa Local Government Area of Kaduna State. A sample of 84 farmers were purposively
selected from Giwa, Shika, and Yakawada districts that were randomly selected. Primary data were
collected using structured questionnaire and analyzed using descriptive statistics and gross margin
analysis. Results of the analysis depicted that majority (39.3%) are between 31-40 years, 94% were
males and about 92% were married. Majority (47.6%) of maize farmers had farm sizes of less than
1.5 hectares and majority (82%) reported to not having contact with extension agents at all. The
result further showed that the farmers on average spent about N142,300.40 per hectare and realized
an average output of about 31 bags (of 100kg bag) per hectare. The farmers made a gross profit of
about N234,870.40 per hectare. Thus it can be concluded that maize farming in the study area is
profitable and recommended that government should provide a means of selling inputs to grass root
farmers and also ensure more extension agents are posted to rural areas.

Introduction

Maize is one of the staple crops in Nigeria and featured among the major food grains produced in
Nigeria. It is the second most cultivated crop in Nigeria in terms of area harvested (5.8million Ha,
FAOSTAT, 2014). Nigeria is the second largest maize producer in Africa, after South Africa, with an
estimated 10.79 million MT produced in 2014 (FAOSTAT, 2014). According to NAERLS 2019
National report, Nigeria produces about 12.59 million tons in the year 2019 which when compared to
the year 2018, decreases by about 1.26 % (NAERLS, FDAE, and P&PCD, 2019). Its production in
the country is ranked first among the cereal’s crops (NAERLS, FDAE, and P&PCD, 2019). In
Nigeria, the largest volumes of maize are produced in the Northern region, particularly in Kaduna,
Borno, Niger, and Taraba and in the South -Western states (Sahel Reports, 2017). The country has
comparative advantage in the production and export of maize in Africa over its counterparts for it has
large cultivable land area for production and conducive climatic condition.
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However, one of the most pronounced problems constraining the production of maize in Nigeria by
its farming community (majority of whom are small-scale producers) is stagnant production
technology and high cost of inputs as well as poor price at harvest. This paper attempted to find out
the costs and returns of maize production. It also analyzes the socio-economic characteristics of
maize producers in the study area. Specifically, it aimed at; describing the socio-economic
characteristics of maize farmers in Giwa LGA Kaduna State and Determining the costs and returns in
maize production in the study area.

This was motivated by the importance of maize production in the Nigeria economy. Maize production
not serves only as an important staple food to majority of the Nigerians but also a source of revenue
to both farm households and nation at large.

Methodology
Study Area

The study was conducted in Giwa Local Government Area of Kaduna State, Nigeria. Giwa Local
Government Area of Kaduna State is located in the plain of the northern part of Kaduna State. It lies
between latitude 12.20°N to 12.52°N and longitude 7.0°E to 7.5°E. The LGA had an estimated
population of 286,427 people in 2006 (NPC, 2006). The mean annual rainfall varies from 635 mm to
1,524 mm. The lowest mean temperature is usually recorded during the harmmattan period. This
occurs between November and February with the range from 18°C - 23°C.The major source of
livelihood in this area is agriculture and the bulk of agricultural production is undertaken by small
farmers. Major crops grown in the area includes; maize, cowpea, tomatoes, pepper, onions,
sugarcane.

Sampling procedure, data collection and analysis

A multi stage sampling technique was employed. The first stage involved the random selection of
three districts out of the eleven districts in the area. The selected districts are Giwa, Shika, and
Yakawada districts. In the second stage, a total of 84 maize farmers were purposively selected from
Giwa, Yakawada and Shika this is due to the unavailability of reliable sampling frame of maize
farmers in the study area.

Data Collection

Primary data were collected based on 2019 cropping season using detailed structured questionnaires.
Data on socio-economic characteristics of respondents, farm production information as well as prices
of input and output were collected. Descriptive statistics and Farm budgeting analysis were employed
in analyzing the data.
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Results and Discussion

Socio-Economic Characteristics of the Maize producers.

Age distribution of respondents

Age is expected to have influence on the respondent’s participation on production system, that is,
younger farmers are more active in the maize production. Figure 1 shows the age distribution of the
farmers. It shows that, majority (39.3%) are between 31-40 years. This implies that, the farmers are
strong and active and can participate adequately in production.
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Figure 1: Age distribution of respondents

Sex of respondents

The gender distribution of maize farmers is shown in figure 2. It showed that 94% of the respondents
were male while only 6% were female. This means that, females are not much involved in maize

production. The dominance by males could be due to the fact that women are mostly involved in
proceesing activities only.
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Figure 2: Sex Distribution of Respondents

Marital Status of the respondents

Figure 3 below indicated that 91.7% of the respondents were married and 8.3% were single. This

implies that, there is the possibility that there could be easy and cheap source of labour for farming
activities.
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Figure 3: Distribution of respondents by Marital status

Household size distribution of respondents

The percentage distribution of the household size of the respondents is shown in figure 4 below,
46.4% were between 1-8, 35.7% were between 9-16, 13.1% were between 17-27, and 3.6% were

between 28-36, 1.2% were above36. It shows that majority of the farmers have their household size
within 1-8, which also determines their production status.

Distribution of respondents by Household size
46.4

50 35.7
H = .
0 |
a.1-8People b.9- 16 People c. 17 - 27 People d. 28 - 36 People e. Above 36 People

Figure 4: Distribution of respondents by Household size.

Farm size distribution of respondents

The distribution of the respondents’ farm size is shown in figure 5 below. The results showed that
majority (47.6%) of maize farmers had farm sizes of less than 1.5 hectares with the least (1.2%)

having a farm size of 6.0 or more hectares. This implies that maize farmers in the study area were
made up of small, medium, large scale farmers.
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Figure 4: Distribution of respondents by Farm size

Access to credit by the respondents
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Figure 5 below showed that majority (74.4%) of the respondent have little or no access to credit. This
means that majority used either informal means of lending to finance their production or uses their
personal savings otherwise their production may suffer from insufficient capital.

Results in Table 1 below showed distribution of the amount of credit accessed by the respondents.
The results showed that even among those that received formal credit, majority (84.52 %) received a
loan of less than N200,000; 14.29 % received between N200,000 to N400,000. However, only 1.19%
received above N400, 000 as formal credit. This implies that farmers may likely not expand their
production due to limited capital.

Table 1: Amount of credit accessed by respondents

Loan Category Frequency
Percent

Less than N200,000 71
84.52

N200,000 - 400,000 12
14.29

Above N400,000 1
1.19

Total 84
100.0

Source: Field work, 2019
Frequency of Extension Visit

Results in Table 2 showed the frequency of extension visit to farmers in the study area. The majority
(82.1%) of the respondents had no contact with extension agents at all. Only 8.3 percent of the
respondents reported having contact with extension agents once in 3 months and another 8.3% said
had contact with extension agent once a month. One could say that the extension services is not
enough in the study area and this could translate to poor yield.

Table 2: Frequency of Extension Contact
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Extension Contact Frequency
Percent

No contact 69
82.1

Once in 3 month 7
8.3

Once in a month 7
8.3

once per 2weeks 1
1.2

Total 84
100.0

Source: Field work, 2019
Cost and Return Analysis of maize Production in Giwa LGA

Cost and return analysis of maize production in Giwa LGA is presented in the table 3 below. The
result showed that the farmers on average spent about N142, 300.40 per hectare on all variable inputs
used. The average output gotten by the farmers was found to be 3069.5kg equivalent to about 31 bags
(of 100kg bag) per hectare. The farmers equally sales on average a kg of maize at N74.4 per kg thus
making them to realize about N377, 170.80 per hectare. Therefore, deducting the expenses from the
revenue farmer are expected to make a gross profit of about N234, 870.40 per hectare. The return per
naira turns out to be about 1.65 thus implying that on every naira spend in the production of maize,
farmers realized 1.65 in return for the naira expended. This means that maize production in the study
area is profitable. As such, farmers should keep to maize production in the area.

Table3: Cost and Return for maize production in Giwa LGA
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Labor for Different Maize Operation Qty Price/Unit
Amount

Average farmers farm size 1.9

Land clearing Labor 7.1 924.7
6594.0

Labor for Planting 7.2 1009.2
7281.0

Labor for Weeding 6.3 2148.7
13557.0

Fertilizer application labor 6.4 631.3
4065.8

Harvesting Labor 7.6 1438.9
10929.1

Labor for Transportation 4.4 1432.8
6362.5

Threshing Labor 6.1 1353.1
8231.3

Bagging Labor 4.6 1943.0
8858.8

Sub-Total / Average 49.7 1,360.21
65,879.5

Output 3069.53 74.4
377,170.80

Material Input

Seed kg 38.4 353.3
13,576.4
Fertilizer 4214 143.5
60,470.9
Agro-Chemical (Liter) 2.1 1151.8
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2,373.6

Maize Man days 49.8 1360.2
65,879.5

Total Input expenses
142,300.4

Gross Revenue
377,170.80

Gross Profit
234,870.4

Return of rate
1.65

Source: Field work, 2019

Summary, Conclusion and Recommendations

This paper attempted to find out the costs and returns of maize production and also analyzes the
socio-economic characteristics of maize producers in the study area. Multistage sampling technique
was employed in the selection of respondents for this study. Primary data were collected from 84
respondents using structured questionnaire. Data were analyzed using descriptive statistics and gross
margin analysis. Results of the analysis depicted that majority (39.3%) are between 31-40 years, 94%
were males and about 92% were married. Majority (47.6%) of maize farmers had farm sizes of less
than 1.5 hectares and majority (82%) reported not having contact with extension agents at all. The
result further showed that the farmers on average spent about N142, 300.40 per hectare and realized
an average output of about 31 bags (of 100kg bag) per hectare. The farmers made a gross profit of
about N234, 870.40 per hectare. Thus, it can be concluded that maize farming in the study area is
profitable and recommended that government should provide a means of controlling the inputs prices
and also ensure more extension agents are posted to rural areas.
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Abstract

The study was carried out in Kebbi State, Nigeria. Using the Ex-ante Carbon-balance Tool, the
carbon footprint of the rice production systems was estimated and used in estimating the economic
budget of the rice production systems. The result of the study revealed that economic profits for
upland and lowland production systems were positive indicating that the systems are economically
efficient. The irrigation system was found to be economically inefficient. That is, the sector is
exploiting resources which could have been utilized more efficiently in some other sectors of the
economy. The study recommends the use of improved technology such as improved rice seeds and
production practices for the system to be economically efficient. It is also recommended that farmers,
especially those producing under the irrigation systems should be targeted in the campaigns for
climate smart agriculture and the use of improved practices that would reduce the effect of
conventional agriculture practices on the environment

Introduction

Climate change has the potential of being a major impediment to economic development,
environmental sustainability, and overall human well-being due to its lasting impact on economic
activity of a country and the ecosystem (Stern, 2007). This is the reason why in 2015 one hundred
and ninety-five countries, including Nigeria, came together and agreed to make strides to limit the
effects of global warming by reducing carbon emissions to 26-28 percent below 2005 levels by 2025.
Agriculture and land use change sector has been identified as one of the main contributors to
anthropogenic GHG emissions. Rice production systems in particular have been shown to contribute
to global climate change by emitting carbon dioxide (CO,), methane (CH,), and nitrous oxide (N2O)
gases to the atmosphere and in turn, are also affected by the changed climatic variables (Ali et. al.,
2019). Kebbi State is one of fifteen targeted by the Rice Transformation Agenda of the Federal
Government in which rainfed and irrigated lowland rice production systems were the main priority.
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The Government desires to encourage rice intensification and increase supply response through the
expansion of irrigation systems. Considering the implication of such investments to carbon balance,
there is need to carefully design such systems so that the negative environmental externalities are
minimized.

The basic framework underlying the estimation of a project’s development impact rests on three
principles one of which is that a project is expected to contribute to development if expected benefits
justify the expected cost (World Bank, 2013). These include both tangible and intangible benefits that
can be realistically stated in monetary terms or otherwise. Therefore, for a rice production system to
be considered efficient, it must be able to give optimum yield with low environmental impacts, such
as low greenhouse gas (GHG) emissions and its associated Global Warming Potential (GWP)
(Boateng et. al., 2017). This study, therefore, sets to specifically determine the economic profitability
of rice production systems considering their environmental impact.

Methodology
Study area

The study was carried out in Kebbi State, Nigeria. Kebbi State’s topography which consists of high
plains in the south and south east, plain landscape in the north and the riverine lowland of the Niger
and lower Rima valleys provides suitable ecologies for the dominant rice production systems found in
the country. These are the Lowland and Upland rainfed systems and the Irrigation system. A
multistage sampling technique was adopted in the selection of respondents for the study. Primary data
was obtained for the 2018 cropping season using a combination of structured questionnaire and
interview schedule.

Profitability Analysis
Gross margin (GM) and Net Farm Income (NFI)

Gross Margin (GM) is used as a planning tool where fixed capital forms a negligible portion of the
farming enterprise as is the case in subsistence agriculture. Net farm income (NFI) on the other hand
is the difference between gross income and total costs of production. It measures returns to naira
invested in an enterprise. The GM and the NFI are expressed as:

m m
GM=TR—TVC=Z}>ij—ZPka
j=1 k=1
1

m m
NFI=ZIJij—ZPka—ZFL
j=1 k=1

1=1
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Where: TR = total revenue (gross value of output), TVC = total variable cost, P; = price of a unit of
jth output; Qj = quantity of jth output; Py = price of a unit of kth input; Qx = quantity of kth input; FL
= cost of fixed inputs.

Economic profitability of rice production systems
Carbon balance of rice production systems

The carbon balance for each of the rice production systems was estimated using the Ex-Ante Carbon-
balance Tool (EX-ACT). The result as shown in table 2 indicates that the least net emission of 0.04
tCOeq is observed by the lowland rice system. This is followed by the upland rainfed rice system
with a net GHG emission of 0.05 tCO,eq. The irrigation system has the highest net emission of 2.42
tCO2eq.

Table 1: Carbon Balance of rice production systems expressed in tCO.eq

Production Systems Total Emission Total emission/ha Total emission
per ha per year

Upland Rainfed 37,465.96 0.97 0.05
Lowland Rainfed 29,738.30 0.89 0.04
Irrigation 1,980,927.24 48.47 2.42

Source: Ex-Ante Carbon-balance Tool

The positive values of the net GHG emission indicate that all production systems add more CO,
equivalent into the atmosphere than it is sequestered. Consequently, all production systems come at a
cost to the society. The high value of net GHG emission from the irrigation system may be due to
farmers employing higher amounts of farm inputs such as fertilizer than the other rice production
systems. As recommended by FAO (2017), the low and high values of the shadow price of carbon
was used to get varying estimates of the profitability of the production systems. This is consistent
with the presence of uncertainty in agricultural production. Table 2 is the estimates for the shadow
price of carbon balance for rice production systems expressed in Naira.

Table 2: Shadow price of Carbon balance for rice production systems

tCO2eq emitted
per ha per year  Low Estimate (N) High Estimate (N¥)

Upland rain fed 0.05 549.61 1,114.07

Lowland rain fed 0.04 504.58 1,022.80
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Irrigation 242 217,349.96 55,439.11

Note: The low and high shadow price of carbon recommended for the year 2017 is 37 and 75US$/ t
CO2e.

Table 3 is the economic budget of rice production systems in the study area. Two values of net farm
income were estimated for each of the production system. One indicated the low value of the shadow
price of carbon, while the other was estimated using the high values of shadow price of carbon as
recommended by FAO (2019).

Results and Discussion

The result of the economic profitability of the production systems shows that upland and lowland rain
fed systems recorded positive values for the net farm income while the irrigation and system had
negative values. The net benefit for the upland rainfed system were ¥30,325 (using low carbon
estimate) and ¥29,761 (using high carbon estimate). For the lowland rainfed, the net benefit was
N32,721 (using low carbon estimate) and N32,203 (using high carbon estimate). In case of the
irrigation system, a net benefit 3¥-58,388 was recorded using low carbon estimate while ¥-86,477 was
recorded using high carbon estimate. The result of both analyses indicates that the economic
efficiency of the irrigation system is the most affected by the economic value of GHG emitted into
the atmosphere. This could be attributed to the use of water pumps, and higher levels of fertilizer.

Conclusion and Recommendation

Economic profits for upland and lowland production systems were positive indicating that the
systems are economically efficient. That is the country uses scarce resources efficiently. The
irrigation system was found to be economically inefficient. In other words, the sector is exploiting
resources which could have been utilized more efficiently in some other sectors of the economy. This
implies under the irrigation system would need government support through distorting policies to
survive. Yield and production costs have a direct effect on the profitability of a production system. It
is imperative that yield must increase significantly to offset any increase in production costs as is the
case with irrigation systems. Therefore, attention should be paid to improved technology such as
improved rice seeds and production practices for the system to be economically efficient.
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Table 4.12a: Economic budget of rice production systems

Upland rain fed

Lowland rain fed

Irrigation

Unit Numbe Economic  Numbe Economi Numbe Economi
Item price r value r c value r c value
TOTAL OUTPUT
(N/75kg bag) 6,191 61 371,677 95 340,529 67 414,826
FIXED INPUTS
USED/ HECTARE
Rental Value of Land 15,361 15,318 10,166
Borehole 3,525 3 8,813
Submersible Water 1 4,849
pump 4,849
Handheld hoes 183 2 367 2 367 2 367
Sickle 67 2 133 2 133 2 133
Cutlass 250 2 500 2 500 2 500
Axe 367 1 367 1 367 1 367
Knap sack sprayer 999 1 999 1 999 1 999
Total Fixed Cost 17,727 17,684 26,193
VARIABLE INPUTS
Agro-chemicals
Insecticides/litre 1,715 2 3,945 2 3,877 4 7,479
Herbicides/litre 1,319 5 6,263 4 5,762 8 9,889
total 7 10,208 7 9,639 12 17,368
Inorganic fertilizer
NPK (50kg) 6,019 8 46,045 7 39,424 11 66,208
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Urea(50kg)
total

seed (Kg)
Local seed
Improved seed
total seed
Bagging
Transportation cost
Fuel/liter
Labour cost
family labour
Hired labour
Total Labour

Shadow  price of
carbon

Low estimate (tCO-eq
High estimate

Total Variable Cost
(low)

Total Variable Cost
(high)

Net benefit (low CO,
estimate)

Net benefit (high CO,
estimate)

Average net benefit

4,338

150
660

113
176

773

13

36
27
63

61

31
72

103

21,863

67,907

5,409
17,978
23,387
6,863

10,736

63,196
146,778

209,974

550

1,114

329,625

330,190

30,325

29,761

30,043

11

49
11
61

55

39

59

17,829 6
57,252 17
7,422 46
7,372 32
14,794 78
6,188 67
9,680

52
76,435 49
115,632 71
192,067 120
505
1,023
290,124
290,642
32,721
32,203
32,462

26,027

92,235

6,957
20,896
27,853
7,538
11,792

40,213

90,925
131,748

222,673

27,350
55,439

447,021

475,110

-58,388

-86,477

-72,433
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Source: Field survey, 2018

Farmers, especially those producing under the irrigation systems should be targeted in the campaigns
for climate smart agriculture and the use of improved practices that would reduce the effect of
conventional agriculture practices on the environment such as adhering to the recommended doses of
agro-chemicals, site-specific soil-crop fertilizer use and solar powered irrigation technologies.
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Abstract

Nigeria is widely regarded as an African power source due to it being the most populous and arguably
the largest economy on the continent. There have been many studies to document these biological
resources in terms of quantity and location across the country. Biodiversity is the wealth of life forms
found on earth-animals, plants, and microorganisms in their millions and their differences; the gene
they contain and the intricate systems they form. However, Biodiversity is under serious threat today.
It is being destroyed at an alarming rate. The principal causes of this threats are the degradation and
destruction of habitats by human activities. The biodiversity of Nigerian tropical ecosystems is
increasingly being destroyed or depleted. This paper highlights the causes of destruction such as
illegal and bad mining practices, bush burning, unsustainable agricultural practices, over grazing,
illegal logging, deforestation as well as high population growth rate, Poverty, poor planning land use
and control and management of human activities to minimize damage on biodiversity conservation.

Key Words: Biodiversity; Tropical Ecosystem; Anthropogeny Degradation.
Introduction

Biodiversity loss is among the most serious environmental problems facing the world today. Natural
habitats in the moist tropical regions, which harbour the majority of the world’s flora and fauna, are
being lost at an alarming rate. It is estimated that in tropical rain forests alone the rate of loss of entire
species (not merely genetic varieties or subspecies) is in the icrease. (Izah et al, 2015). This rate of
decline is believed to be at least 1,000 times the ‘ordinary’ rate of extinction (Wilson, 1992). There
are many who believe that we are facing a biodiversity crisis and others have gone as far as to suggest
that we are slipping into a rate of extinction that may well rival that which resulted in the demise of
the dinosaurs some 65 million years ago. Biodiversity is the wealth of life forms found on earth-
animals, plants, and microorganisms in their millions and their differences, the gene they contain and
the intricate systems they form. There are fundamentally two reasons for conserving biodiversity. The
first is the moral justification and the second is the value to human existence. Biodiversity is essential
to human development because of the goods and services it provides. An estimated 40 percent of the
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global economy is based on biological products and processes (Christ et al., 2003). However, on a
global scale, biodiversity is being lost at a rate many times higher than that of natural extinction. This
is caused by a number of factors, including uncontrolled land conversion, climate change, pollution,
unsustainable harvesting of natural resources and introduction of invasive species (Christ et al.,
2003). Nigeria is blessed with rich and unique array of ecosystems and a great variation in natural
resources. These have evolved a diversity of fauna and flora supporting more than 1,340 species of
animals, among which are 274 mammals, 860 birds and about 4,600 species of plant (FORMECU,
1996). This ranks Nigeria as one of the richest countries of Africa in terms of biodiversity (FMoE,
2001).

Status of Biodiversity in Nigeria

Nigeria is rich in biodiversity and among the regions of the world, houses comparable levels of
endemism and species richness due to a complex topography and wide variety of habitats. These
include but are not limited to coastal creeks of the Niger Delta, the rainforests of the Cross River
basin and the mountains along the Cameroun border with Nigeria (WCS, 2015). Along with the
Atlantic Ocean which forms the southern border part of Nigeria, and with its highly diverse marine
and freshwater ecosystems, there exists an inland layout of an array of other forest and woodland
ecosystems which end up in Sudan Savannah and Sahel/semi-desert belt in the northern part of
Nigeria. With very extensive and broad based river systems that emerge out of the two largest Rivers
— Niger and Benue, Nigeria has a huge watershed resource which supports agriculture, navigation and
commerce. The key environmental issues facing Nigeria includes land degradation, deforestation.
Nigeria is strongly predisposed to severe negative impacts of climate change due to the nature of its
economy, weak resilience and low adaptive capacity. Nigerian forests are threatened as the forest
cover declines from approximately 24 million hecters to 15 million. (Bisong 2002). This was caused
by poor land use planning and has made habitat loss one of the most significant threats to
biodiversity.

Major causes of Biodiversity loss in Nigeria.

According to Westing, Warwick and Renner (2001) reported that studies have shown that today’s
human activities are an empirical evidence of humans ruining what nature has bestowed to our care
for sustainability. More than 70% of Nigerians live in rural areas where they depend on agriculture
and other natural resources for survival (FEPA 1992).

Deforestation

Deforestation has been seen to constitute the single greatest cause of species extinction in the coming
decade, hence tropical forests are the major storehouse of biodiversity. If the present trends in the loss
of tropical plant habitats continue, as many as 60,000 plants nearly 1 in 4 of the planets total could be
extinct by the middle of the century (WWF and IUCN, undated).
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The implication of these loses is that many plants including many potentially valuable species may
become extinct before they have even been discovered let alone analyzed for their possible benefits to
man.

Table Showing Biodiversity in Nigeria: Species Statistics

Mammals 274

Birds 941

Amphibians 109

Reptiles 135

Fish 338

Inland Fisheries (314
species for Niger Delta alone)

Orchids 145

Flowering plants 5209

Nigerian Conservation Foundation (2012).

Unsustainable Agricultural practices

Rainforests and savannah woodlands are under the greatest threat from agricultural conversion.
Communities in and around protected areas continue to encroach on these protected areas in total
disregard to their protection status. (Weatings et al 2001). Until more sustainable agricultural
practices are put in place, the process of slash-and burn agriculture continues, since tropical soils
under cultivation can only support crops for a few years before becoming depleted, thereby requiring
the clearing of new lands for continued harvests. Mangroves are also heavily harvested for fuel-wood
and for construction materials USAID(2008) also reported that degradation of habitats and loss of
species is not always as visible as out-and-out conversion, but it occurs in other more insidious ways
with equally damaging results. In areas where particular species, such as hardwood trees, rattans,
medicinal and food plants, and other non-timber forest products, are harvested unsustainably, not
only are these species lost but also a myriad of associated plants, such as insects and fungi, that
require these specific hosts to meet their own ecological requirements for survival.
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Illegal Mining Practices

The history of mining activities in Nigeria dates back to the tin mines on the Jos Plateau, for tin and
bauxite and the coal mines of Enugu. (J. sustainable management). The tin deposits on the Jos plateau
had been extracted through open cast mining, until when surface deposits were depleted. Sumaila
(1989) reported that tin mining activities which have caused considerable erosion damages to lands
arising from active gully equal to 7, 240km in length. The influx of mining operators without
adequate monitoring of production and documentation does not augur well for conservation of the
vegetation cover, minerals and land use systems. The erosion problem created in the mining sites is
on a steady increase, leading to development valleys. Solid mineral mining in Nigeria has left behind,
abandoned and un-reclaimed mine sites, to the detriment of the surrounding communities, the
environment and biodiversity.

Indiscriminate Bush burning

Bush burning produces emissions such as carbon monoxide, hydrocarbons, hydrogen sulphide, oxides
of nitrogen, sulphur, ozone and particulate matters. (Hamid et al, 2010; Jamal et al, 2012). Bush
burning occurs widely and extensively and has become common occurrence in the Nigerian
environment. Accidental bushfires are also known to have started by improperly discarded cigarettes
by smokers (Ambe et al, 2015). Fire also creates negative impacts on the composition and density of
vegetation and delays the attainment of sustainable development targets and also accelerates
desertification and general environmental degradation.

Overgrazing

Overgrazing occurs when plant material is grazed faster than it can naturally regenerate, often leading
to the permanent loss of plant cover EPI (2011). It is a common effect of too many animals grazing
on limited range land and also occurs when plants are exposed to livestock grazing for extended
periods of time without sufficient recovery periods. It reduces the usefulness of the land and is one of
the causes of soil erosion and desertification. Overgrazing can occur under continuous or rotational
grazing. Plants become weakened and have reduced root length. The area devoted to grazing in
Nigeria rose from 166, 326 km2 in 1978, to 187, 236km2 in 1995. Because most of the cattle are
concentrated in the semi-arid zones that support 90% of cattle. EP1 (2011).

The main threats to biodiversity in nigeria

World Rainforest Movement (1999) records show that 70-80% of Nigeria’s original forest has
disappeared and presently the area occupied by forests is reduced to 12%. In the period between 2000
and 2005, Nigeria lost about 2, 048ha of forest (FAO 2005).Although Nigerian government
established several forest reserves for conservation of forest resources, these forest reserves have been
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seriously neglected and received little or no improvement in terms of investment and management
(Pelemo et al., 2011). The implication of these loses is that many plants and animals, including many
potentially valuable species are on the fast track to extinction. The USAID Report on Biodiversity
and Tropical Forestry Assessment (2002) recorded that there are many — too many environmental
threats in Nigeria affecting biodiversity. A National Assessment (NCF2012) confirmed the reality of
high rise and fast tracked increase in biodiversity loss in Nigeria. An analysis of the major underlying
factors responsible for the continuous degradation of biodiversity in Nigeria, were categorized as
follows:

High Population Growth rate

Biodiversity loss is a problem in many other countries in the world and most particularly developing
countries where poverty is still pervasive. The population of Nigeria is estimated at 183, 523, 434
people as at July 2015, which is equivalent to 2.51% of the total world population and makes Nigeria
number 7 in the list of the total world population (Source: Worldometers). More than 70 percent of
Nigerians live in rural areas where they depend on agriculture and other natural resources for their
survival (FEPA, 1992). However, Nigeria’s large population is characterized by high percentages of
illiteracy, unemployment and poverty, which act as powerful drivers of increasingly severe demands
on the remaining biodiversity in Nigeria. Evidence based field studies have confirmed that natural
processes of regeneration are not able to cope with the over-exploitation in high magnitude (Happold,
1997). New roads and tracks enable farming, hunting and wood cutting to occur in previously
undisturbed habitats. In addition, several socio-economic factors can be reported to be mediating the
relationship between population and natural resource degradation in Nigeria..

Poverty

According to the Human Development Index Report (UNDP 2008-2009), the number of poor people
in Nigeria remains high and the level of poverty rose from 27.2 per cent in 1980 to 65.6 per cent in
1996, an annual average increase of 8.83 per cent over a 16-year period. However, between 1996 and
2004, the level of poverty declined by an annual average of 2.1% to 54.4%. To a large extent, Poverty
contributes a major threat to biodiversity and in other ways continues to further deepen the level of
poverty in most rural areas. Biodiversity is always at the receiving end being the readily available
option for food, fibre and minimal commercial gain by the rural poor. The need for protection of
biodiversity is therefore seen as elitist by the rural poor whose deprivation in terms of food and
domestic needs have been pushed to the wall.

Poor land use planning

USAID (2002) observed that no land use policy exists in Nigeria, despite the existence of a land use
Act. Instead, states are encouraged to derive their legislation from the Federal legislative framework.
While some states have taken steps to develop legislation to improve (from an environmental
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perspective resources management through laws against bush burning and agricultural expansion into
forest lands, major impediments to sustainable environmental management still exist.

Two key land tenure and land use issues that require future consideration include how to
mediate/resolve problems that arise between tenure systems; and how, within the various tenure
systems, to support policy/institutional frameworks that are capable of promoting the sustainable use
of natural resources.

Land use and land cover change have emerged as a global phenomenon and perhaps the most
significant regional anthropogenic disturbance to the environment. As is the case in Nigeria, rapid
urbanization/industrialization, large scale agriculture and major changes in human activities have
been identified as the major causes of the dramatic changes in land cover and land use patterns
globally.

Control and management of human activities to minimize damage on biodiversity

Measures to curb the damage on biodiversity by human activities, which impact tropical ecosystems
in Nigeria, are the most intricate and expensive and have attracted insignificant attention from both
the public and government. Biodiversity of tropical ecosystems in Nigeria is threatened by various
human activities, which culminate in diverse forms of pollution. There is the urgent need for proper
control and management of the various negative effects resulting from diverse cultural and social-
economically important human activities in order to attain sustainable development. There is an
obvious need for an integrated approach to the control and management of human activities that
impact biodiversity. This integrated approach should be an activity that will provide the framework
for decision-making on how biodiversity can be conserved. The success of management depends on
the level of awareness and co-operation of the public, decision-makers in government and managers.
Control and management can further be enhanced by having national and regional coordination
mechanisms. (Ngoile et al., 1993).

Conclusion

The over exploitation activities of biological resources by human activities has caused problem to the
entire ecosystem which brought destruction to the nations biodiversity such as unplanned and
intensive land use, over grazing, bush burning, over population, uncoordinated expansion of
settlement, clearance for farming, over exploitation and wasteful practices in use of forest and
wildlife, poverty and illegal and bad mining are all implicated. it is evident that the status of these
biological resources is at various stages of depletion. While other nations of the world are working
towards exploiting their biological resources for stabilization of ecosystems, in the Nigeria's focus
should be first to salvage the resources while utilizing them at the same time for sustainability.
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Abstract

Agro-forestry, generally refers to land use system or farming system in which trees or shrubs are
grown in association with agricultural crops, pastures or livestock and in which there is ecological
and economic interaction between the trees and other components. However these practices have a
distinctive arrangement of components in space and time. This paper highlights Agro-forestry
practices and concepts in sustainable environmental management. The benefits derivable from the
interface between forest trees and agricultural crops are enormous such as trees, food, fruit, fuel
wood, tannin, resins, leaves and forage aesthetic value, climate amelioration, improve soil structure .
Also, the economical and ecological effects of agro-forestry which are germane to sustainable
environmental management system and livelihood.

Key words: Agro forestry, practices, Environmental , sustainable; Farming system

Introduction

Agro forestry practices offer practical ways of applying various specialized knowledge and skills to
the development of sustainable rural production systems. Agro-forestry is recognized as a land use
option in which trees provide both products and environmental services. In agro forestry systems, the
trees grown on different farmlands in the same locality when aggregated can bring about improved
wooded situation thereby enhancing environmental protection (Otegbeye, 2002). In most agro
forestry systems, the trees grown do not have the usual silivicultural recommendations in terms of
spacing (Owonubi, 2002). Given the reality of awareness among the farmers of multiple land use
management, the need to improve on the existing agro forestry practices becomes necessary in the
face of increasing population and limited nature of land. Rural people have been discovered to have a
wealth of indigenous knowledge and have incorporated trees in production systems in areas where
they lived for a very long period of time (Evans and Alexander, 2004).
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Agro forestry has both protective and social-economic benefit. Kang (1993) reported that besides
direct agricultural benefit, trees exhibit social - economic values. The benefit of the tree components
derived by farmers from agro forestry was evaluated from a social-economic and ecological
perspective (Anderson and Sinclair, 1993). The social economic benefits of agro forestry can be
evaluated in terms of productivity, stability and sustainability.

Concept of Agro forestry Management

Agro forestry is a land management system that combines perennials (including trees, shrubs and
palms) with annual agricultural crops and/or livestock to increase total production while providing
economic, social and environmental benefits. The goal is to reduce risk and increase total
productivity in an agricultural system while simultaneously providing regular income and increased
cash flow. By integrating trees, perennials and/or livestock into a conventional agricultural system,
agro forestry promotes the efficient use of sunlight, moisture, plant nutrients and other ecological
services. Globally, it is estimated that about half of agricultural lands contain at least 10 percent tree
cover (Buttoud, 2013). Although agro forestry is a relatively newly defined system, the integration of
trees and agriculture has been practiced throughout history.

Indian scriptures from as early as 1000 B.C. mention multipurpose tree species being used as fodder,
and Roman era writers offered detailed accounts of mixed livestock and tree systems. During the
Middle Ages, Europeans and Asians began pioneering the method of shifting cultivation, in which
certain trees are retained during forest clearing because of their use as canopy for exposed soil
(Conklin, 1957). During this same time period individuals in Central America were attempting to
recreate the layered structure of mixed tropical forests by growing dozens of crops on plots smaller
than one-tenth of a hectare (Wilken, 1997). During the mid-19th century, foresters and other land use
planners began researching methods to create a forest system that would be capable of surviving
competition from other agricultural species while also ecologically benefitting from them. Increasing
concerns about soil erosion during this time spurred countries including France to plant trees on
overgrazed slopes to protect against erosion (King, 1987). . The USsDA’s Agro forestry Strategic
Framework depicts the United States’ ongoing dedication to incorporating agro forestry into federal
programs, policies and activities in order to further highlight its use as an effective sustainable land
management system that seeks to balance agricultural production and natural resource conservation.

Agroforestry Sub-systems

Agroforestry can be separated into three sub-system classifications - Agrisilviculture, Silvopastoral
and Agrosilvopastoral (Weiwei, 2014).

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

« Silvopastoral combines trees with pastures and animals, and
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« Agrosilvopastoral combines crops, pastures, animal and trees Silvopasture

Silvopasture is a system in which forests are managed for timber production along with domesticated
animals being raised on the same plot of land (King, 1979). This system utilizes several agronomic
principles such as fertilization, native pasture grasses, and rotational grazing systems with short
grazing periods that maximize plant growth and harvest while avoiding damage to the tree crop.
Silvopasture is a highly intensive agroforestry method that requires grazing and timber management
that can involve tree pruning, grazing, haying, fertilization and enhance tree growth (due to the
ability of grazing animals to control competition for moisture, nutrients and sunlight), provide a
cooler environment for livestock and allow for control of weeds and brush without herbicide
applications. been scientifically evaluated to a great extent (Sharrow, 2007).

Alley Cropping

Alley cropping is an agro forestry practice where trees are planted in row or shrubs at a spacing that
provides an “alley” where perennial and annual agricultural crops are then grown. Agricultural crops
within an alley cropping system are often referred to as intercrops. In this system, special care must
be taken to ensure that crops and trees are compatible with one another as well as local climatic and
geologic conditions. Alley cropping requires careful maintenance and pruning to limit the lateral
spread of tree branches and to ensure that trees will provide the desired level of shade. The typical
intercrops for this agro forestry system are row crops (corn, wheat, barley), forage crops (bluegrass,
clover, alfalfa), specialty crops (dogwood, Christmas trees) and biomass crops (willows, birches)
(Hodge, 1999). Alley cropping improves crop health through the creation of tree canopies that protect
against wind damage and pests and also aid in pollination activities. It also improves soil health in
areas prone to erosion, adds carbon to improve soil health, and enhances nutrient recycling
(Wotjkowski, 2006)

Farming Systems and Multipurpose Trees

The impetus for much of the research and development work on multipurpose tree species (MPTs)
can be traced back to two crises of the 1970s-deforestation and the ‘energy crisis’ i.e. fuel wood.
Eckholm (1975) viewed with alarm the huge and growing demand for fuel-wood endangering the
world’s forests, while Earl (1975) proposed using forests as a source of renewable energy. The World
Bank focused on tropical deforestation, and in 1978, substantially discussed the fuel wood issue in its
Sector Policy Paper (World Bank 1978). Later in the same year, the US Agency for International
Development echoed the World Bank document in a strategic position paper on Tropical
Deforestation (USAID 1978). The Eight World Forestry Congress in Jakarata then voiced the need to
augment forest resources with MPTS to provide continuing supplies of tree products. The primary
focus was to be on household use and income generation in rural areas, based on active participation
by rural people.
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The concept of MPTS originated from the publication of Smith (1950) and Bene et al.(1977) on the
role of trees in trees in agriculture. Singh (1982) reported on tree folders and US National Academy
of Sciences (NAS 1980) on fire wood crops. The literature on MPTS is now huge and there have been
many efforts to synthesize it into species compendia.

Role of Agroforestry in Environmental Management

Agroforestry, the science of integrating trees into farming systems, was institutionalized in 1977 with
the establishment of the International Council (now Centre for Research on Agroforestry (ICRAF).
Since then, a huge amount of research and development work has transformed the potential of MPTs
into reality, and long lists of recognized environmental management systems have been published. At
the simplest level, however, trees play two basic roles in Service and production.

Services of Agroforestry

Trees in environmental management systems affect the farming site itself, filling a service role that is
either beneficial or detrimental to crop growth and farm stability, depending on the situation. For
example, when properly managed in contour strips, trees and other perennial vegetation can reduce
soil erosion. Trees affect soil nutrient status through litter fall and when used as green manure.
Nitrogen-fixing trees (NFTs) can contribute substantial amounts of nitrogen to agricultural systems,
depending on the site, species, and management. Over storey trees in traditional systems such as the
faidherbia albida/ grain parklands of Africa and home gardens give considerable shelter to under
storey vegetation and livestock. Trees also make effective field and boundary fences, and are used
widely for this purpose. These service roles of trees in environmental management systems have
always interested forester. However, a growing body of experience suggests that many foresters are
far more attracted by the potential products of trees and their potential effects on the site. (Otegbeye
and Famuyide, 2005).

Products from Agroforestry

Tree products are many and various- food, fruit and spices; fibre, lumber, tannin, and other industrial
raw materials; livestock fodder; wood for fuel, implement and housing. From the perspective of
farming systems, there are several important aspects of MPTs production to consider: in many cases,
the opportunity to grow trees for sale is a stronger incentive than growing trees for home
consumption. An example is fire wood where early projects, emphasizing small fire wood plantations
for home consumption, did not meet expectations. Growing fuel wood for sale, however, has proved
successful in northern part of Nigeria (Otegbeye and Famuyide, 2005)
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Economical effect of Agro forestry
- It reduces poverty and improved economy among farmers
- Agro-forestry provide employment to the people especially in rural area
- Farmers il’lCOl’Ile,S are more securc

The market has an influence on agro-forestry farmer s income

Expenses in time and effort for caring of tree seedlings, trimming, plowing and planning.

Earnings in time and effort are less foraging of fuel wood, fodder and timber

Most farmers are self sufficient with food, timber, fuel wood and fodder Increased income so
the family affords school fees and school material

Agro-forestry is suitable for a lot of people because it is a low cost and low technology system.
(Aune et,al, 2008).

Ecological effect of Agro forestry in environmental management
- Reduces soil erosion through tree planting and contours.
- Water catchment, effective water use.
- Increased fertility in soils
- Less overgrazing since zero grazing
- A more resilient land use
- Commercial fertilizer is not extensively used, many farmers use manure
- Industrial chemicals such as pesticides is extensively used
- The natural forest is conserved
- Wild animals are not a big problem except for farms nearby national parks
- Trees give shade that favor other crops

- Conservation of biodiversity and indigenous tree species.

Lakes and inland waters can benefit from soil conservation measures (Oke, et, al 2007).

Conclusion
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The potential of Agroforestry practices in sustainable environmental management system cannot be
over emphasized. Agroforestry practices offer practical ways of applying various specialized
knowledge and skills to the development of rural production systems and is a part of solution which
has contributed to sustainable environmental management, providing a means to produce food,
improve income, improved micro-climate, conservation of the resources ,improved on soil structure,
improved on soil fertility and promote economical stability. Sustainable environmental management
system based on agroforestry is multi-functional and diversified, which promotes nutrient
management, soil and water conservation, tillage and residue management, land restoration and
rehabilitation, integrated livestock management, integrated pest management, and sustainable energy.
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ABSTRACT:

The aim of this study is to ascertain the factors militating against financing the agricultural and
forestry research which includes corruption, policy inconsistencies, high transaction cost, funding
instability etc. The study also reviewed the problems of agricultural and forestry research which
includes inadequate funding of research and extension systems, weak linkage between research,
extension and farmers/industries, absence of appropriate communication strategies . Finance for
agricultural and forestry development has an increasing role in contemporary times owing to the fact
that agricultural sector is an important engine of national economic growth. The federal government
has embarked upon series of programs and policies to transform the productive capacity of the sector
but the sectors performance remains skimpy.

Keywords: Finance, Research, strategies, policies.

Introduction:

Agricultural finance is all about the acquisition and utilization of capital (finance), the factors of
production that facilitates the acquisition, procurement and management of the other factors of
production namely; land, labour, capital in agriculture, which is not only the lubricant but also the
lifeblood of the economy ( Mohammed et al,2015).. Ayodele et al(2014), citing Chandavaker said”’
one of the basic problems facing the less developed countries is the scarcity of domestic capital
relative to the size of investment required to achieve a higher and self sustaining rates of growth of
national and per capital income. Although the accumulation of capital itself is not highly regarded by
economists as a uniquely important source of growth. Agriculture financing brings about the growth
and solves the problems militating against the agricultural sector productivity, economic
sustainability, poverty reduction, business opportunities, institutional changes, innovation incentives
as well as growth (Obansa et al ,2013).This paper compiles literature from previous publications
about problems of agricultural funding and different steps to ameliorate the problems.
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Problems of agricultural and forestry funding in Nigeria .

Corruption according to Ariyo (2006) is the greatest problem and bane of economic recovery in
Nigeria which cuts across every facet of the society and unless something is done seriously, the
country may as well be going around in circles. He opined that the level of corruption in the country
had gone beyond mere corruption but leaning more on the side of insanity on the part of eminently
corrupt Nigerians and has become the major precipitator of the avoidable three development gaps
experienced by the nation, especially through the endemic budget deficit. This position was supported
by (Herz,1996 ).

Policy Inconsistencies has contributed to the failure of agricultural sector. Every new government
wants to pursue its own political agenda without consideration to build on the policies of the
predecessor (Obansa et al,2013)

Lack of certainty in securing banks and financial loans has reduced the pace at which agricultural
funding should have moved (CBN, 2014). The banks do not disburse any loan without surety and
security. Most farmers find it difficult to arrange satisfactory security as well as surety to the bank
(Ariyo, 2006) shared the opinion that Credit inadequacy is a serious problem for farmers to increase
their hectarage. The banks have not been making a fair assessment of the credit needs of the farmers.
It results in the shortage of finance and there arises inadequacy of credit. .

The farmers have to incur many other costs in addition to the interest they pay on the loan. These
may include the loss of wage earning days, revenue stamps, letter of guarantee, cost of photographs,
agreement and other unidentified charges (CBN, 2014). These high costs hamper the spirit of the
farmers from getting loans (ASTI, 2011).

The financial system has the crucial role of availing funds to the real sector, any interference in its
central role, causes asymmetrical flow of information leading to financial instability. Funding
instability can be defined as an antithesis of financial stability or absence of financial stability (CBN,
2014). Failure to provide stable funding for agricultural and forestry activities by government have
actually set the country backward rather than progressing (Herz 1996 ).

The research and extension systems in Nigeria are faced with various funding related challenges
which are inadequate funding. Although the normal funding of research has improved over the years,
this still remains inadequate because most of the increases are in the area of personnel and not the
actual research subheads. Agbamu (2015), reported research and extension budgets of 3% and 2.1%
respectively, expressed a percentage of the national agricultural budget. Data from ASTI (2011)
showed that Nigeria has one of the lowest agricultural research spending intensity. Research funding
is also erratic and untimely most of the time with no evidence of adequate consideration of the time-
bound nature of research activities in most policy decisions. This funding constraint makes it difficult
for research to be responsive to the needs of the clientele and compounds the challenges of long
gestation of research.
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Linkages explain the kind of connection between two or more organizations pursuing commonly
shared objectives in other to have regular contact and improved productivity Adesoji and Abegunde,
2012.). The linkages are established mainly through communication, feedback mechanism and
working relationship among organizations. To develop agricultural technologies that work and meet
the need of end users, researchers, extension workers, farmers and other industry actors must partner
in identifying research problems, adapting the recommendations to local conditions and providing
feedback to research about the developed innovations (Pardey and Beddow 2016). However, the
weak linkage between these key actors in the agricultural industry has created a level of disconnect in
information flow and limited the benefits derivable from the research technology. This weakness
stems from lack of close working relationship between the various actors within the agricultural
sector. Also, the level of farmers’ education is an important factor affecting information flow between
them and extension agents and research (Adesoji and Abegunde, 2012).

The importance of knowledge sharing and communication in Agricultural and Forestry research
cannot be over-emphasized. Communication in an organization can be internal or external. To
effectively achieve development, communication actions should be research based and planned
(Ramirez and Quarry 2004). Effective communication is essential to achieving organizational
research objectives and promoting performance. It’s paramount to have communication strategies that
address the communication needs of the organization, projects and clientele from time to time
(Ramirez and Quarry 2004). This is because the information needs of the clientele varies and
therefore requires different approaches for effective communication Unfortunately, several research
and extension institutions do not have communication strategy clearly articulated, and therefore have
no particular mechanism for monitoring and appraising their communication performance and
progress. Some of the guiding principles of the communication strategy of CGIAR program on
aquatic agricultural system include quality partnership, knowledge sharing and learning, open access
and focus (CGIAR — AAS, 2012)

The research system has the responsibility of developing sustainable innovation solutions to the
challenges facing the agricultural and forestry sector. So the absence of research staff stability will
reduce the success of agricultural investments and also the quality of research output will be reduced.
Based on different challenges and problems confronting agricultural research ,creation of
Agricultural research Department in the Ministry of Agricultural is essential ( Ariyo,2006 ) as
confirmed to the assertion (Mohammed et al,2015 ) postulated that training and retraining of
agricultural extension officers be given high priority.Efficient Supervision of agricultural projects
by government at all levels and priority for agricultural loans by banks and other finance house
should be intensified.
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Conclusion:

Agricultural funding in Nigeria is inadequate .This explains why school leavers and retirees should
be encouraged to invest in Agriculture and achieve food security in order to alleviate the poverty in
the country. Finance no doubt, is strategically important in the growth of agricultural and forestry
research in Nigeria. Unless the problems are tackled with honesty of purpose, agricultural and
forestry research revival will continuously be a mirage. In Nigeria, we have had enough of
agricultural revival and poverty alleviation policies, initiatives and programmes without serious
efforts in implementation. All that is required is the seriousness and loyalty of committed economic
and political leaders with good intention, sincerity of purpose, integrity, transparency and
accountability.
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Abstract

This study was carried out at the Bodija plank market in Ibadan to assess waste associated with
timber flitching. Data were randomly collected on commonly flitched timber species via the use
of questionnaires and dimensional measurement i.e. length, breadth and thickness were taken and
recorded. The result shows that thirteen (13) different species namely; Cordia milleni, Albizia
zygia, Sterculia rhinopetala, Anningerra robusta, Mansonia altissima, Terminalia superb, Ceiba
pentandra, respectively were randomly selected as the most available flitched logs in the market.
The mean volume of 58788.76cm?, 62168.83cm®, 50609.61cm® and 62377.77cm?, respectively
were discovered to have variations from the conventional volume of 56633.69cm?®. Also, nine (9)
different lumber species were considered under the conventional dimension of 28316.85cm? (i.e.
5.08cm x 15.24cm x 365.76¢cm). The study also revealed that Sterculia rhinopetala, Terminalia
superba, Terminalia ivorensis and Celtis intergrifolia flitched dimensions were greater than the
conventional dimension. The lumber conversion efficiency was noticed in Anningerra robusta
and Anogeissus leiocarpus with volume recovery of 28330.83cm® and 28316.84cm?,
respectively. Albizia zygia had the lowest volume recovery of 11,466.28cm®. Therefore, the act
of timber flitching, which is mostly rampant among the timber exploiters, cannot be discarded
since they supplement the sawn log.

Keywords: Flitches, plank, wood waste, timber species, log, kerf
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Introduction

Flitching is a logging activity usually carried out in the forest by artisanal sawyer’s also
known as mobile chain operators. It involves the identification of trees with appropriate bole
lengths, which are then marked to be cut by mobile chain saw operators (FAO, 1992, Awe,
2000). This activity is not only illegal but also unauthorized and yet it is thriving. In most
cases, the activity takes place in difficult terrains where accessibility to the forest is difficult
(Gerwing, et al., 1996). Nonetheless, these chain operators gain access to the forest
somehow, cut down tree into logs and quickly reduce them into planks of different
dimensions, which is then carried by head to the road, where they are conveyed by trucks to
the market. Sometime, they seek permission from the forestry authorities to carry out this
operation, which is granted on the grounds that they could help bring out these logs from the
forest where authorized trucks find it difficult or almost impossible to gain access. These
chain saw operators often abuse this permission by even going to flitch outside the difficult
terrains into areas where the terrain is quite accessible (Badejo, et al., 2001; Zhu, et al., 1998;
Olaleye, 1999; Ayakwa and Addae-Mensah, 1999). The flitch method is generally recognized
as the most prevalent method of log sawing in the forest and could be assumed as the general
pattern of sawing especially when the log size is not too small (Smith and Joe, 2006).
Therefore, the study was aimed at assessing the amount of waste associated with timber
flitching in Bodija plank market.

Materials and Methods
Study Area

The study was carried out in Ibadan North Local Government Area (LGA) of Oyo State.
Ibadan is the capital of Oyo State and one of the most populous cities in Africa. The projected
population of Ibadan North Local Government Area (LGA) as at 1996 was 348,896. The
LGA was created in 1991.

Data Collection Procedure

The primary source of information was basically through personal interview of the plank
sellers. Questionnaires were randomly administered within the planks market and questions
such as sources of sawn log, dimensions of flitched species and their prices, amount of waste
generated and species mostly flitched were asked from the plank sellers. Bodija plank market
comprises of one hundred (100) plank sellers in Ibadan North Local Government Area. Fifty
(50) structured questionnaires were randomly distributed in Bodija plank market. The fifty
(50) questionnaires were retrieved from the plank sellers. Thirteen (13) different sawn log
species prominently flitched were selected and their individual dimensional measurements
(i.e. length, breadth and thickness) were taken and recorded. The volumes of flitched species
were computed.
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Data analysis

The responses in the questionnaires from the individual respondents were processed and
analyzed. Descriptive and inferential statistics like the use of table and bar chart were used to
analyze the data acquired.

Results and Discussion

The sawn log species that are commonly flitched at Bodija plank market were
comprehensively obtained from the respondents and various dimensions of available sawn
logs were equally collated. The flitched log species are as follows; Cordia millenii, Albizia
zygia, Mansonia altissima, Terminalia superba, Ceiba pentandra, Nesogordonia
papaverifera, Triplochiton scleroxylon, Terminalia ivorensis, respectively as presented in
Table 1. The first 3 dimensions (2”7 x 6” x12°,2” x 12” x 12°, 3”7 x 4” x 12’) were generally
the most available flitched sizes, while the last dimension (2” x 8” x 12’) was usually on
special requests by plank sellers as presented in Table 2. There was no much difference in
length across species, expect the proportionate increase noticed in Ceiba pentandra beyond
the conventional size of 373.39cm, which could result into waste. However, Cordia milleni
has a mean length of 356.09cm and this is less than the conventional size. This is usually
considered to be substandard lumber, which attract low market value. There was a variation
in mean breadth across species showing that waste generated from such lumber during
processing could be very high because of deviation from the conventional size. For instance,
Anogeissus leiocarpus and Milicia excelsa have been greatly reduced compare to the normal
metric values of 16cm in breadth. Anningerra robusta (16cm), Celtis intergrifolia (16.21cm)
and Terminalia superba (16.61cm) were discovered to be closed with the conventional sizes.
Therefore waste generated could be very minimal as presented in Table 1.

Table 1: Mean dimensions of volumes and the difference

Flitched Species Length (cm) Breadth  Thickness Volume Conventional Differen
(cm) (mm) (cm?) volume (cm®) ce
Cordia milleni 356.09 30.09 5.51 56633.7 56633.7 2404.57
Albizia zygia 362.65 15.04 5.46 28316.9 28316.9 1463.39
Sterculia rhinopetala 372.1 15.49 5.28 38316.9 38316.9 -7883.83
Anningerra robusta 371.19 16.00 4.73 28316.9 28316.9 -225.19
Mansonia altissima 371.49 15.34 4.78 28316.9 28316.9 -1077.27
Terminalia superba 368.65 16.61 551 28316.9 28316.9 5422.40
Ceiba pentandra 373.39 29.99 541 56633.7 56633.7 3947.31
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Nesogordonia papaverifera
Milicia excelsa
Triplochiton scleroxylon
Terminalia ivorensis

Celtis intergrifolia

Anogeissus leiocarpus

361.73
365.69
374.45
369.99
368.72

367.33

28.65
9.92

30.74
15.78
16.21

9.85

4.85
7.41
5.44
5.25
5.48

1.22

56633.7
28316.9
56633.7
28316.9
28316.9

28316.9

56633.7
28316.9
56633.7
28316.9
28316.9

28316.9

-6370.40
-1436.00
5983.94
2334.97
4436.84

-2193.44

Table 1 revealed that four (4) species namely; Cordia milleni, Ceiba pentandra,
Nesogordonia papaverifera and Triplochiton scleroxylon had volume values of 58788.76cm?;
62168.83cm?®; 50609.61cm® and 62377.77cm?®, respectively. Thus, it can also be concluded
that much waste were generated from Cordia milleni, Ceiba pentandra and Triplochiton
scleroxylon because their dimensions were higher than the normal value thereby leading to a
lot of wood removal from the forest estate which reduce the ability of forest to produce wood
at current level and other components of the environment suffer from the use of wood.
Nesogordonia papaverifera shows reduction in size compare to conventional size, which
consequently affect the market value of the plank and thus attract lesser price. Also,
Anogeissus leiocarpus was considered under the conventional dimension of 28316.85cm?
(i.e. 5.08cm x 15.24cm x 365.76¢cm).

Table 2: Common dimensions and price of flitched/conventional sawn log

Species Sizes Flitched €4) Conventional @9
Annigeria robusta 27X 6”x12’ 1,100 1,200

Mansonia altissima 27x 127 x 12° 1,800 3,500

Antiaria Africana 37x47x 12’ 380 450

Terminalia ivorensis 27x127x 7’ 950 1,100

Khaya ivorensis 27x67x 7T 1,200 1,400

Hallea ciliate 27x 87 x 12 1,100 1,200

Alstonia boonei 27x 127 x 12° 380 450

Sterculia rhinopetala 27x 127 x 12° 680 750

Nauclea diderrichii 27x 127 x 122 1,300 1,500
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Albizia zygia 27x 127 x 12° 750 1,200

Comparison of prices of flitched and conventional sawn log

There are variations in the sizes or dimensions of flitched and conventional sawn wood,
which therefore lead to difference in price. Mansonia altissima was the most expensive sawn
wood species and it’s flitched size goes for 1,800 naira while the conventional size of
Mansonia altissima cost 3,500 naira, followed by the flitched sizes of Nauclea diderrichii,
Khaya ivorensis, and Annigeria robusta at 1,300 naira, 1,200 naira, 1,100 naira, respectively
while their conventional sizes cost 1500 naira, 1400 naira, 1,200 naira, respectively in the
open market. Antiaria africana was the cheapest sampled wood species and its flitched size
cost 380 naira while the conventional size cost 450 naira in the open market as revealed in
Table 2. Moreover, the logs are usually well graded thus resulting in the production of good
quality and smooth operation, which of course tilts the peoples demand towards this type of
wood. Unlike, the chain saw operators who engage in what can be described as a low
technology activity which does not requires expensive machinery, skilled labourers etc. this
of course results in flitched wood that appears rather rough in appearance, with rough edges
and not too smooth surfaces with the resultant effect that prices are dragged down to
encourage consumers to buy from them.

Conclusion

Since the demand for sawn wood and other wood products in Nigeria and the world over
have continued to be on the increase and there is need to meet the local consumption. Then,
the act of timber flitching, which is mostly rampant among the timber exploiters, cannot be
discarded since they supplement the conventional sawn wood. But the basic problems before
hand are those of reducing the volume of unavoidable wastes, avoiding the avoidable and
finding uses for both. In conclusion, it is also believed that this will not only give the sawyer
an opportunity to produce flitches of high grade, but also increase its market value and
subsequently reducing the pressure on resource base.
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Abstract

Agroforestry is a type of farming system that combines trees/shrubs with tree crops with the
objective of enjoying a mutual benefit that enhances productivity, profitability and
biodiversity. Agroforestry seems to have replaced the traditional shifting cultivation in most
part of the world. In the process, the extensive demand for land associated with shifting
cultivation, which usually make man to clear more forest land for agriculture has been
eliminated. Different agroforestry technologies exist which can be used to achieve the mutual
benefit that agroforestry promises, some of which include taungya system, home garden,
alley cropping, woodlots, live fences, fodder banks, orchards or tree gardens, windbreaks,
shelterbelts, trees on pasture and apiculture with trees. This paper hence reviews some of
these technologies as it relates to Nigerian farmers, as well as the constraints limiting their
adoption.

Keywords: Agroforestry, farming-system, agroforestry-technologies, mutual-benefit,
adoption-constraints.

Introduction

Agroforestry is an agronomic practice aimed at combining trees and shrubs with crops with
emphasis on their mutual benefits to enhance diversity, productivity and sustainability of the
land use system and hence the farmers (Adeola 2015). Agroforestry has long been
recognized in sustainable development models throughout the world due to the benefits they
bring not only to the economy and society but also to the ecosystem (Rocheleau et al, 1989;
Thanh et al, 2005). A number of factors have contributed to a rising increase in agroforestry
since the 1970s and these are deteriorating economic situation in many developing countries,
increased deforestation and scarcity of land because of population pressures, interest in
farming systems, intercropping and the environment (Nair 1993).

There are several agroforestry technologies that can help improve land and social conditions
of people (Adeola, 2015), some of these include improved fallow, taungya (systems
consisting of growing annual agricultural crops along with the forestry species during the
early years of establishment of the forestry plantation), home gardens, alley cropping,
growing multipurpose trees and shrubs on farmland, boundary planting, farm woodlots,
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orchards or tree gardens, plantation/crop combinations, shelterbelts, windbreaks, conservation
hedges, fodder banks, live fences, trees on pastures and apiculture with trees (Nair 1993;
Siclair 1999). Usuallyeach of the technologies is associated with specific objectives for the
tree component for example, serving as barriers for wind, production of fruits, fuel woods
and poles, production of fodder among others.

Some of the planting models in agroforestry include:
Homegarden

This is the planting of trees along with vegetables and food crops in free spaces around the
homes. They could be arranged to include many multipurpose trees in multistory association
with animal, crops and small livestock. Home gardens are very well developed in the
southern part of Nigeria especially in the East. Fernandes (1987) indicated that farmers in this
part of the country value this technology and it generates a lot of income for them. The food
crops are integrated with trees behind homesteads. The smaller the trees occur near the house
while the bigger trees are at the border of the home farm. A lot of fruits, nuts, and grains have
been known to be produced from this technology, generating a lot of income for the farmer.
In the Northern part of Nigeria where participation by farmers is low for this technology,
their major reason for planting home gardens is for food and fruits production (Adeola et al,
2000a). According to Adeola (2015), of the few farmers practicing homestead in the semi-
arid zone, the emphasis is on fodder for animals and shade around homestead. The major tree
species used are fruit trees like Mangifera indica, Psidium guajava, Anacardium occidentale,
Moringa oleifera and Termarindus indica (Adeola et al, 1995).

Taungya System

According to Adeola (2015), taungya system involves the cultivation of food crops in forest
reserves. Lands under forests are known to be fertile and in communities with limited land
where there are Government forest reserves; forest lands are distributed to land hungry
farmers to grow their food crops after forest exploitation. Such farmers will however plant
seedlings of government preferred tree crops on such land along with their food crops. The
growth of food crops is temporary as the trees soon close canopy in one or two years and take
over the entire land. Meanwhile, the farmer would have harvested his crops (usually maize,
cassava, pepper, okra etc) at the end of the first year. He could now be allocated another
portion of forest land for clearing, packing, burning and planting for the next planting season.
In this way, the farmer has fertile land to use, while the Governement obtains farmer’s free
labour to plant trees. Most plantations of Teak and Gmelina along roadsides in the former
Western region of Nigeria were grown through this method.
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Woodlots and Orchards

These are plots on farmer’s lands where fuelwood or fruit trees are planted by the farmers.
These plots are usually about 0.5ha or less in area (Adeola, 2015). This is mostly practiced in
the Northern/semi-arid zone of Nigeria.

Fodder tree banks

Also referred to as protein bank, they are blocks of forage plants that are planted by farmers
to serve as browse for their animals during off-season when there is fodder shortage e.g.
during rainless months. Usually, the forage plants used are legumes like Leucaena
leucociphalla. Most farmers have been taught to mix Leucaena leucociphalla with Gliricidia
sepium in order to minimize the intake of mimiocine from Leucaena. The trees may be grown
with grasses or with herbaceous legumes to make the bank richer. The pruning from the
fodder trees could be fed to restricted animals in a cut and carry method (Adeola, 2015).

Live fences

These are lines of trees/shrubs planted as boundary crops to delineate farm lands or pasture
lands. It is made up of very dense hedges or thicket of trees (usually thorny) planted around a
garden or farm to protect it from free ranging livestock. In most circumstances, they are
planted around gardens within family compounds and buildings. (Adeola, 2015). The trees
are of limited height and are usually heavily pruned to form a continuous shield that is
difficult for animals to break through thorns or prinkles. Live fences keep off animals from
destroying farmer’s crops or confine them to a location.Species that are mainly used in the
semi-arid region include Acacia nilotica, Acacia senegal, Prosopis juliflora and Zyziphus spp
(Ekwebealm, 1988). If the live fences are used to keep animals within, the trees may be left to
grow so that they can serve as shade, protection and privacy for the animals (Adedire, 2014).

Borderline planting

In this practice, trees, shrubs and grasses are established to delineate individual farmlands.
They are property markers even though they provide wood and other forest products for
various purposes. Species used for this technology include Moringa oleifera and Termarindus
indica. These species are useful as vegetables and in water treatment in the Northern parts of
Nigeria (Verinumbe et al, 1994). In this technology is also used in the south to demarcate
farmlands. Newbouldialeavishas been frequently used for this role in many farms of the
southern Nigeria. In the North, the leaves of Moringa are highly valued as vegetables more
recently for its medicinal and other uses. A lot of Moringa are found as borderline crops on
farmlands (Adeola, 2015).

Scattered trees on cropland

This is also referred to as parkland agroforestry. In this practice, trees are retained or planted
on farmer’s cropland in a much dispersed sequence while the crops are grown in the
understorey unhindered (Adeola, 2015). They could also be scattered at random based on

121



farmer’s desire. Typical examples of this form of arrangement can be found in many parts of
the semi-arid areas of Nigeriawhere trees, dispersed naturally on farm lands form an integral
part of the cropping system. Different species are found in such dispersed, park-like stands,
depending on the site conditions. Examples are Vitelleria paradoxa, Parkia biglobosa,
Adansonia digitata (Ekwebealm, 1988), Parkia biglobosa, Adansonia digitata, Vitellaria
paradoxa, Tamarindus indica (Adedire, 2014), Irvingia gabonenesis, Crysophyllum albidum
and Meletia excelsa (Adeola, 2015). Traditionally, the trees are homogenously distributed
across farms in random patterns due to their ability to regenerate naturally. They do not take
up as much space, thus a large part of the productive land is left for the crop production. They
provide wood, fodder and other forest products to the farmers. Some of the trees like Parkia
provide a lot of income for the farmer through fruits. It is the main component of the shifting
cultivation system in which farmers allow some preferred trees to stay on the farmland with
their food crops during the farming season. Such trees however have specified roles. They
may be for soil fertility, fruits, nuts food, timber, fuel or a host of other reasons.

Windbreaks

These are strips of trees/shrubs planted to protect fields, homes, canals or other areas from
wind and blowing soil or sand. It is planted to reduce soil erosion, improve microclimate for
growing crops as well as shelter people and livestock. It can also improve and sustain crop
yield (Rocheleau et al 1988). Usually, one or two rows of trees are established across the path
of the prevailing wind (Onyewuotu, 1985). The length is usually across a farmers plot or
property. Windbreaks are used both in sahel and sudan savanna. Major species used are
Azadiracta indica, Eucalyptus camadulensis and Prosopis juliflora (Adeola et al, 1995).
Some of these species are also used for erosion control (Adeola, 2015).

Roadside planting

This is amenity planting one to three rows of trees along roadsides and in public spaces.
Apart from beautification, the trees have an effect on the microclimate of the area. They
provide shade and protect the houses in the cities from storms which could otherwise be
destructive (Verinumbe et al, 1994).

Constraints to the adoption of Agro Forestry Technologies

Some of the constraints that have been identified as to affect adoption of agroforestry among
different societies are highlighted below:

National and Local Policies: some local customary practices and institutions prevailing in
the sub-region (especially incidence of bush fires and browsing by livestock during the dry
season, and absence of perennial private right over land) limit the widespread uptake of some
agroforestry technologies (Phiri et al, 2004). The animals destroy the trees after planting
either by browsing the leaves and removing the biomass or by physically trampling over the
plants. Community’s institutional regulations for fruit collection, land and tree tenure all
affect individual farmer’s decision to invest in establishing an indigenous fruit tree orchard.
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Land ownership is also likely to influence adoption if the investments are tied to the land and
the benefits of these investments are long term (Fernandez-Cornejo et al, 1994). Tenants are
less likely to adopt technologies that require high investments on the land and whose benefits
are long term because the benefits of adoption do not necessarily accrue to them. However,
agroforestry institutions have been working in collaboration with traditional rulers,
government officials, community-based organizations, NGOs, and national partners to
resolve these institutional bottlenecks (Ajayi and Kwesiga, 2003).

Training: Agroforestry technologies are generally incipient technologies and relatively new
phenomenon compared with conventional agricultural practices that farmers have known,
been used to and have received training for a much longer period. Unlike annual crop
production technologies and conventional soil fertility management options, fertilizer trees
systems require skills in terms of management of the trees. Capacity for doing this need to be
built at the national level (Ajayi et al, 2003), the costs of providing information greatly
decrease over time, but they are critical when helping farmers get started with the practice
(Parwada et al, 2012).

Seed and germplasm: One of the greatest constraints of some agro forestry technologies is
lack of access to quality seeds (Thangata and Alavalapati, 2003). Unlike the seeds of annual
crops in which established institutions exist to promote them and private sector organizations
have been engaged in their multiplication and distribution, there is little or no institutional
structure to make the seeds of agro forestry available “off the shelf”. There are also no
improvements on the tree varieties used in agroforestry (Parwada et al, 2012).

Awareness: Over several years, there have been structural shifts towards “quick fixes” and
technologies that render immediate benefits (Ajayi and Kwesiga, 2003). The opportunity of
agro forestry technologies to provide some medium and long-term benefits to individuals and
the public simultaneously is not yet well communicated to many stakeholders (Parwada et al,
2012).

Human resource capacity: The human capacity, infrastructures and institutional supports
for agroforestry are not as well developed as for annual crop technologies (Gladwin et al.,
2002). Such missing support include well developed input and output market to enhance
access of small-holder farmers to ensure that they get the price premium for their crop
produce. Households will likely adopt labour intensive innovations with high access to farm
and off-farm labour. Fernandez-Cornejo et al (1994) identified another type of farm labour
that influences technology adoption, that is, the labour provided by the farm operator
him/herself. This kind of labour is often called operator labour and is thought to have a
positive impact on level of adoption of agroforestry technologies because the technologies
have a high requirement of operator’s time. In general, the factors, which influenced farmers’
adoption decision concerning agroforestry technologies, fall within four broad categories.
These are those, which exert (1) positive influence on farmers’ adoption decisions, (2)
negative impacts (3) ambiguous or no direct effect (4) systemic influence on all types of
households in a given community and spatial locations (Place and DeWees, 1999).
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Conclusion

Agroforestry has been identified as one of the sustainable ways to combat food insecurity
while mitigating the effects of climate change. However, for it to be widely accepted among
farmers there is need to eliminate the numerous constraints preventing its adoption.
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Abstract

Garcinia kola Heckel (Clusiaceae), known as bitter kola, is a multipurpose tree species in
West Africa. The species is sometimes referred to as a “wonder plant” because each of its
parts has been found to be of medicinal importance. There is vast evidence that bioactive
components of the seeds can serve as alternative medicine to treat and prevent severe
illnesses such as malaria, hepatitis and immune destructive diseases. Despite the
species’pharmaceutical potential and its high preference, G. kola is still at the beginning of its
domestication process. The sample has high level of Carbohydrate, little amount of Crude
Fibre and Protein. This composition shows that the sample could be a good source of
Carbohydrate, dietary fiber and Protein. The Mineral content shows a high level of calcium,
Potassium and Sodium. It could be a good source of minerals despite the negligible amount
of Anti-Nutrients found in it that could prevent the absorption of these minerals. Even
though, there are numerous scientific articles published on the species’ biological activities, it
is a difficult task to find basic information on its diversity, distribution, genetics and
silvicultural management in West Africa. This paper compiles different scientific information
published by different authors previously in various scientific journals, conference

proceedings and workshops.

Keywords: Garcinia kola, phytochemicals, indigenous fruit tree; bio-active, medicinal

plants.
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Introduction

Bitter cola (Garcinia kola) belonging to the family Clusiaceae is naturally found in humid
tropical forests of West and Central Africa, where the local population usually harvests the
fruits. However, in some regions in Nigeria, farmers plant and manage the trees in their home
gardens or agro forests outside natural forests; it is popular in Southern Nigeria where the
plant is extensively used in herbal medicine and as food (Ullah et al., 2012). It prevails as a
multipurpose tree crop in the home gardens of Southern Nigeria and the seeds are chewed as
an aphrodisiac or used to cure cough, dysentery, or chest colds in addition to serving as raw
material for pharmaceutical industries (Usunomena, 2012). The raw stem bark of Garcinia
Kola is a purgative, the powdered bark is applied to treat malignant tumors; its sap is used for
curing parasitic skin diseases and the latex or gum is used internally against gonorrhea, and
applied externally on fresh wounds (Omokpo et al., 2012).The seeds prevent or relieve colic
disorders or cure head or chest colds, suppressed cough and is often used in the treatment of
Cirrhosis and hepatitis (inflammation of the liver) (Kalu et al., 2016). Consumption and use
of bitter kola in West Africa is low due to inadequate information on the physico-chemical
and nutritive properties, it plays an important role in African ethno medicine and traditional
ceremonies (lwu et al., 1990). Traditional knowledge of these valuable tree species has been
disappearing due to the pressures of modern lifestyle and effects of rampant deforestation. Its
seeds are amongst the most-traded NTFPs in Central and West Africa including Nigeria
(Onyekwelu et al., 2015). The most valued product of this plant is the seeds which are
smooth elliptically shaped, with yellow pulp and brown seed coat (Zhang, 2004). G. kola is
listed as one of the priority species for conservation in the Sub-Saharan Forest Genetic
Resources Programme (SAFORGEN) and was selected as one of six preferred tree species by
the World Agro forestry Centre (ICRAF) for domestication in West and Central Africa
(Franzel and Kindt, 2012). Mainly due to habitat loss, slow-growing seedlings, continuous
felling, and overexploitation of the tree in West Africa, the species are still classified as
“vulnerable” in IUCN’s Red List of Threatened Species (Cheek, 2004). Despite the
importance, potential and popularity of G. kola in West Africa, a great deal of information

and basic knowledge is still missing about the species (Franzel and Kindt, 2012).
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Distribution and Ecology of the Plant

Garcinia kola is a monocotyledonous plant found in moist rain forests and swamps and
grows as a medium sized tree up to a height of about 12m high, it is cultivated through the
seedlings or by cutting; it grows more easily using the cuttings, the plant is found in countries
across west and central Africa and it is distributed by man around the towns and villages of
such countries like; Nigeria, Ghana, Cameroon, Sierra Leone, Togo, Congo Democratic
Republic, Angola, Liberia and Gambia. Across the places where it is grown, it is known by
various names such as bitter kola, male kola (English name), Orogbo (Yoruba), Aku ilu
(Igbo) and Namijin Goro (Hausa) (Eisner, 1990). G. kola is known as false kola mainly due
to the absence of stimulants which characterizes the kola nut seeds, it is also known as male
kola due to the reported aphrodisiac properties of Garcinia kola (Eisner, 1990). The mean
rainfall ranges between 1000 and 3000 mm per year, this is complemented by a relatively
high air humidity of about 75% (Babalola and Agbeja, 2010). The species are cultivated in
various types of soils with a slight preference for sandy loams, whereas its fine roots were

found to harbor an arbuscular type of mycorrhiza (Bechem et al., 2014).

Nutritional Values

Bitter cola fruit, which is believed to contain a high source of vitamins and minerals such as
Vitamins A, C, E, B1, B2, B3, fiber, calcium, potassium, and iron, also carry other
antioxidants and the usage is not limited to traditional activities alone (Eisner, 1990). Even
though G. kola is considered a medicinal plant and the seed production is profitable activity
providing a substantial contribution to the livelihood of households, particularly those living
in rural areas (Adebisi, 2004). most of the current research targets the characterization of its
bioactivity, the seeds are usually eaten raw, in their crude form, therefore, it is also important
to focus on their nutritional value: scientific literature provides quite confusing data on the
species dietary properties, the seed contains moisture, ash, crude protein, crude fat, NFE and
crude fiber, overall studies agree on relatively high amounts of moisture in the seeds, around
70%, which is a crucial aspect for kernel preservation. Carbohydrates, also described as
nitrogen-free extracts (NFE), form the largest part of seed proximate composition varying
around 65% (Eleyinmi et al., 2006). Compared to the proximate content of kola nut (Cola
spp.), is also a popular masticatory stimulant in West and Central Africa Arogba (2000)
revealed that bitter kola kernels contain twice the amount of protein but are twice as low in
fat, whereas amounts of ash and NFE are mostly similar. The seeds are low in anti-nutrients
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such as phytate or oxalate, however, relatively high amounts of vitamin C were recorded in
them (Onyekwelu et al., 2015). Potassium and phosphorus are the most abundant minerals in
the seeds which are often peeled before consumption and hulls are discarded as waste:
Eleyinmi et al.( 2006) discovered the feeding potential of seed coats for domestic animals
due to their high protein content, livestock and small ruminants are generally lacking high-
protein fodder in developing countries and bitter kola hulls might, according to in vitro and in

vivo studies, provide a reasonable solution for this problem on a regional level.

Conclusion

This review shows that Garcinia kola can be used as a good source of Carbohydrate and
Protein. Also a good source of Minerals necessary for metabolic activities in the body despite
the trace amount of Anti-nutrients. The presence of nutritionally valuable components in the
seed and hull of Garcinia kola suggests that it may be fond further useful in food and feed
formulation. The Phytochemical composition also shows that Garcinia kola can be useful in
the Pharmaceutical and Medical science to make vaccine and supplements that can prevent

diseases. It can be useful also in various manufacturing industries as raw material.
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ABSTRACT

This paper investigates the performance of smallholder Rubber Agroforestry System (RAS)
livelihood based on a case study in 4 communities (Iguoriakhi, lyoha, Imasobor and Obagie
Nevbosa) in Edo State, Nigeria where rubber production is practiced on a large scale. The
objectives of the study were to: to investigate the farm characteristics of the rubber farmers
who practiced RAS; to categorize the main RAS system; to determine the sources where the
smallholder farmers obtain their planting materials in RAS and to examine the variety of
crops which the rubber farmers are interested in intercropping with Rubber. The analysis of
the emerging system in the study area reveals that the rubber agroforestry system is viable, it
minimizes crop failures and environmental shocks as this system creates opportunities for
income enhancement through integration of arable crops on the inter-rows during the
immature phase of Rubber. Findings further indicate that promoting the development of
alternative livelihood options through the integration of Rubber, domesticated high-value
agroforestry tree crops and annual crops enhances resilience and contributes to the overall
wellbeing of the farmers’ families. Thus, this innovate system provides the smallholders with
ample capability for resilience during market uncertainties and ensure a sustained flow of
income. This study demonstrates the need to promote and scale up rubber agroforestry system
in the smallholder dominated rubber producing States in Nigeria.

Keywords: Rubber agroforestry, smallholder, livelihood options, Edo State.
Introduction

Demand for Natural Rubber, mostly for tyres, has driven sustained expansion of Hevea
brasiliensis plantations (Warren-Thomas, et al., 2015), which generates income as well as
fundamental influence on their way of life (Romyen et al., 2018) for many rural people in
Nigeria, particularly in the South-South of the country. In Nigeria, Natural Rubber provides
raw materials for the agro-based industries; foreign exchange earnings and offers
employment to a sizeable segment of the Nigerian farming population (Abolagba, et al.,
2003). Since the mid-1970s, Natural Rubber (Hevea brasiliensis) production in Nigeria has
suffered decline, from 248,900 ha to 154,000 ha (96,000 ha belonging to small-holder Rubber
farmers and about 38,000 ha under Rubber estate) of land area, due to low Rubber prices in
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the international market and over-dependence on revenue from petroleum (Micheal, 2006).
This continuous price hikes creates the need to diversify the land utilization to improve
smallholder farmers livelihoods and conservation of its natural resources (Smith and Martino,
2007). Hence, to modify the production of Rubber, there is need for agroforestry systems that
reduces susceptibility to market crashes, provide ecological services which could be the best
option to the expansion of Rubber cultivation in Nigeria.

Rubber Agroforestry System (RAS) has evolved as an innovate approach to improve the lives
of smallholders by developing and promoting model farms with quality planting materials of
high yielding Rubber clones to meet farmers’ requirements (Esekhade et al., 2014). This
system is the deliberate integration of high value trees, arable crops and or animals into
Rubber plantations. Thus, this system is helping the smallholder community to be self-
sufficient and economically independent (Asaah et al., 2014; Esekhade et al., 2014).
Somboonsuke, Wetayaprasit, Chernchom, and Pacheerat (2011) reported that a rubber
agroforestry system is an alternative form of agriculture to complement biological integrity,
crop diversity, and financial stability. RAS can be divided into three main systems: (1)
intercropping rubber-food crop system, (2) rubber-tree crop system, and (3) rubber mini-
livestock system.

In order to reduce the risks associated with market uncertainties and to improve efficiency at
the farm level, operating a rubber-based agroforestry system seems to offer a revised method
of practicing agriculture which could diversify crop production and enable farmers to earn
extra income (Rodrigo, 2001) during the immature phase of Rubber. Therefore, the objectives
of this paper were: (1) to investigate the farm characteristics of the rubber farmers who
practiced RAS; (2) to categorize the main RAS system; (3) to determine the sources where
the smallholder farmers obtain their planting materials in RAS; (4) to examine the variety of
crops which the rubber farmers are interested in intercropping with Rubber.

Materials and Methods

The study area purposively selected were Iguoriakhi, lyoha, Imasobor and Obagie Nevbosa
communities in Edo State, Nigeria where smallholder RAS is being practiced on a large
scale. To investigate the rubber-based agroforestry system and its impact on local livelihood
in Edo state, Nigeria, the key informants were personally interviewed using structured
questionnaires in  which questions investigated the farming characteristics of the
smallholder’s farms and practical approaches to their respective Rubber agroforestry farms. A
total of 60 questionnaire was administered interpersonally to 15 respondents in each of the
communities selected. A descriptive statistics tool such as frequency and percentages
presented as tables was used to interpret the variables of interest.
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Results and Discussion
Farming practices of the respondents

The result of the farm characteristics of the smallholder rubber-based agroforestry farmers is
represented in table (1). Result on plot size revealed that 46.67 % of the respondents had a
plot size of 1 — 2 hectares, with 46.67 % of the respondents having between 8 to 10 years in
farming experience. This finding is expected as the species in focus is a cash crop with an
economic life span of 35 years (Idoko et al., 2013). Proximity to the smallholders farm lands
from their community showed that majority 76.67 % had an average distance of 1 — 2 km to
their respective Rubber farms. This is expected due to the planting density of Rubber stands
which is approximately 500 ha™*. Thus, the least hectarage to be used for Rubber farming is 2
ha for those farmers who venture into Rubber as a business venture. According to El Tahir et
al., (2015), land is the primary source of livelihood for the farmers mainly. In rural
development, land distribution is an important issue, the size of the land also dictates its
utilization and where land is insufficient to support the basic needs of a family, there is a
tendency for communities to encroach into protected areas such as forest reserves. Hence, the
need to adopt and promote agroforestry practices that will intensify and diversify the system
to create a more integrated, productive, profitable, healthy and sustainable land-use system
(Asaah et al., 2014). This integration and interaction will promote agroecosystem functions
(Tchoundjeu et al., 2006). Also, it was observed that majority 73.33 % of the smallholders
belong to Rubber co-operatives while collective sales of their products accounted for 90.91
%. Interaction and trainings with extension officers on a yearly basis accounted for 65 % and
70 % respectively. Majority of the respondents were members of a co-operative society. For
famers to be at abreast with new information and technical know-how of Rubber farming and
related agricultural activities, it is imperative that the farmers interact with extension officers
with similar mandate.

Table 1:Farming practices of the respondents

Categories Variables Freq. %

Plot size of Rubber (hectare) 1-2 28 46.67
3-4 26 43.33
5-7 6 10

Proximity to farm (km) 1-2 46 76.67
3-4 14 23.33
Above 5 0 0
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Farming experience (years) 4-7 19 31.67

8-12 28 46.66
13-18 13 21.67
Rubber co-operative Yes 44 73.33
No 16 26.67
Collective sales Yes 40 90.91
No 4 9.09
Interaction with extension officers Monthly 18 30
Quarterly 3 5
Yearly 39 65
Trainings Yes 42 70
No 18 30

Source: Field Survey (2018)
Categorizes of the Rubber Agroforestry System

Table 2 depicts information on the categories of the Rubber Agroforestry System. Findings
from the study showed that majority 50 % of the smallholders practiced Rubber-intercrop.
Amongst these categories, the three most practiced system by the Rubber farmers according
to the frequency of mention were Rubber and cassava intercrop, Rubber and maize intercrop
and Rubber and honey bee with 43. 3 %, 25 % and 10 % respectively. According to Asaah et
al., (2014), RAS promotes the development of alternative livelihood options through the
production of domesticated planting materials and mini-livestock in a Rubber plantation.
Information on Rubber related activities revealed that 26.7 % obtain their information from
relevant agencies like R.R.I.N while majority of their planting materials where sourced from
R.R.I.LN and R.E.N.L with 40 % and 20 % respectively. The source of information on Rubber
related activities is key to the successful implementation and output from farm produce,
respondents reported that most of their information on Rubber related activities were through
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relevant agencies and knowledgeable farmer; planting materials was purchased mostly from
R.R.L.N. or Rubber Estate Nigeria Limited (R.E.N.L.).

Table 2: Categorizes of the Rubber Agroforestry System

Categories Variables Freq. %
RAS main systems Rubber intercrop 30 50.0
Rubber-shade tolerant 21 35.0
trees
Rubber mini-livestock 9 15.0
Prioritize Rubber Intercrop Rubber cassava 26 43.33
Rubber Honey 6 10.0
Rubber Plantain 4 6.67
Rubber Pineapple 3 5.0
Rubber Maize 15 25.0
Rubber Ogbono 2 3.33
Rubber Rabbit 1 1.67
Rubber Vegetable 3 5.0
Sources of related information RAS  Radio 6 10
Knowledgeable farmer 10 16.67
Newspaper 10 16.67
Bulletin 9 15
Periodicals 9 15
Relevant agencies 16 26.66
Source of planting materials Locally sourced 13 21.67
R.R.I.N. 24 40.0
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R.E.N.L. 12 20.0

Farmers nursery 11 18.33

Keys:
R.R.L.LN. = Rubber Research Institute of Nigeria

R.E.N.L. = Rubber Estate Nigeria Limited

Contribution of Rubber-based agroforestry on smallholder livelihood

Table 3 revealed that 45 % of the respondents generates income between 350,000 -
N100,000 from their intercrop within their Rubber farms monthly. Very few respondents 16.6
% earned above N250,000 monthly from their intercrop. This shows that the Smallholder
rubber farmers generates sufficient income from intercropping the rubber-based system with
fruit trees, medicinal plants, crops and mini-livestock. In the last decade, the adoption of RAS
has provided additional economic and environmental advantages (Okwu-Abolo et al., 2020).
Consistent with this report, Chambon (2001) found that rubber agroforests performed
considerably better than an appropriate rubber farming approach. Thus, RAS practice in the
study area has positive impact on poverty alleviation through its contribution to farmer’s
income.

Table 3: Average annual income of derived from Rubber Agroforestry System

Categories Variables Freq. %

Income (¥) Below 50000 19 31.67
50001 - 100,000 27 45
100,001 — 150,000 4 6.67
Above 150,001 - 10 16.66
200000

Conclusion

Despite the recent decline in Natural Rubber price, global rubber area continues to increase
(FAO, 2018) and this will likely drive the intensification and expansion of plantations.
Hence, this generates the need for investigating a Rubber-based system and its derivable
impact on the smallholder’s livelihood in Edo State, Nigeria.
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Our findings revealed that this system contributes greatly to the socio-economic wellbeing of
the smallholder rubber farmers in terms of income generation derived from the intercrop
during the immature phase of Rubber, promotes the development of alternative livelihood
options and also minimizes crop failures and environmental shocks. Thus, diversification of
food crops in the system contributes to higher income and better livelihood security.
Following the results obtained from this study, smallholder Rubber farmers are aware of the
immense benefits derived from the RAS, it is therefore recommended that Government
should further encourage these farmers by giving them incentives in form of subsidizing the
high value planting materials, this act will promote and scale up Rubber Agroforestry System
in Rubber producing States in Nigeria.
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Abstract

This paper examines the predominant role of forest as an integral factor that can influence
sustainable environment. It identifies forest as a natural resource that must be sustainably
managed to maximize its contribution to the environment in Nigeria as well as the people. If
forest is to contribute meaningfully to the economy its conservation must be taken seriously.
To this end, the paper highlights certain factors that must be addressed to enhance the
contributions of forest conservation to the realization of a sustainable environment. These
include taking into account the status of the forest, importance of forest conservation and the
factors responsible for forest degradation. The paper therefore recommends appropriate steps
to forest conservation

Key words: environmental sustainability, forest conservation, challenges
Introduction

Forest conservation is the practice of planting and maintaining forested areas for the benefit
and sustainability of future generations. It involves the upkeep of the natural resources within
a forest that are beneficial to both humans and the environment. However, the history of the
exploitation of forests is as old as man himself, but during earlier times it was balanced
through a natural growth process because at that time forest cutting was done for personal or
community use only. But with the expansion of agriculture, forest lands have been cleared.
More destruction has been done after industrial revolution and urbanisation. During the
colonial period commercial exploitation began and this was the main cause of the depletion
of forests.

Forests contain nearly 75 percent of the earth’s biomass (Cloughesy, 2006). They can be
either sources or sinks of carbon, depending on the specific management regime and
activities (IPCC, 2000). Due to forest variation, mainly in terms of their structure and type,
the rate of sequestration varies. FAO (2010) stated that sustainable management, planting and
rehabilitation of forest can conserve and increase the amount of carbon sequester which in
turns gives rise to a healthy environment.
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Forest Status

Nigeria is well endowed with forest resources, accounting for about 2.5 percent of the Gross
Domestic Products. The resources abound in the high forests, woodlands, bush lands,
plantations and trees on farmlands. The forests occupy about 10 million hectares representing
almost 10 percent of the total land area of 92 377 hectares, while FAO (2009) puts Nigeria’s
forest area as 11,089 million hectares, representing only 12.2% of the total land area. The
area of forest per 1000 people is given as 77 ha while the annual change was -2.7% and -
3.3% for 1990 to 2000 and 2000 to 2005 respectively. The forest growing stock is given as
125 m3/ha while the total growing stock is given as 1386 million m3. The total biomass is
2803 million tonnes (253 tonnes/ha). The carbon in biomass is given as 1402 million tonnes
or 126 tonnes/ha. These statistics show continuous annual negative changes as a result of
degradation and deforestation. Nigeria has lost over 90% of its original forest cover due to
logging, clearing for slash and burn agriculture and collection of NTFPs, especially firewood.
Nigeria is Africa’s most populous nation with a rapidly expanding population (140 million),
resulting in an overwhelming demand for farmland and forest products. The forest estates
from which wood and other products are obtained have been subjected to severe
encroachments, vegetation degradation and de-reservation for agriculture, industrial
development and urbanisation among others (Ighodaro et al, 2016).

Forest Degradation

Human activities have contributed significantly in shifting the composition of the earth
atmosphere from its natural equilibrium (Bonsu 2007). Since 1991, estimate indicate that the
global atmospheric concentration of CO; has been increasing at a rate of about 1.8 part per
million (ppm) or 0,0018% per year (Rosenzweig and Hillel,1998). Agriculture and
deforestation are two major factors responsible for greenhouse gases in the developing world.
Deforestation means a complete change from forest to agriculture, urban areas or desert.
Others include any area that has been logged, even if the cut was selected. Cunningham and
Cunningham,2002). Forests sequester and store more carbon than any other terrestrial
ecosystem and are an important natural ‘brake’ on climate change. The greenhouse effect is
one of our most severe current environmental problems (Backéus et al., 2005). Carbon (C) is
accumulating in the atmosphere and the largest proportion is resulting from the burning of
fossil fuels, deforestation and the conversion of tropical forests to agricultural production
(Paustian et al., 2000). Nikolic et al. (2008) also stated that land-use change through
deforestation and degradation of natural forests diminishes overall carbon storage capacities
in vegetation and in soils. When forests are cleared or degraded, their stored carbon is
released into the atmosphere as carbon IV oxide. Emissions from land use, and land use
changes mostly due to deforestation in the tropics, are estimated at 17% of total annual global
CO; emissions (IPCC 2007).
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FAO (2005) stated that in Africa, deforestation accounts for nearly 70% of total emissions. In
the study of Houghton and Hackler (1999), two types of land-use change are distinguished:
conversion of natural forest to cultivated crop land and the reverse, i.e. reforestation, and
secondly, activities that don’t change the forest area (ha) but the carbon density (Mg/ha), i.e.
shifting cultivation, logging, fires, grazing of woodland and (fuel)-wood harvest can lead to a
loss or accumulation of carbon. However, Houghton and Hackler (1999) state that the major
contributor of carbon to atmosphere is the conversion of natural forest into cultivated crop
land, as 20-50 times more C is stored in forest than in agricultural land, resulting in a release
of 100-200MgC/ha, without counting the loss from C stored in the soil, which can be in a few
years’ time as much as 25% of the initially stored carbon in the top 100cm of soil .This can
only be achieved through cultivation of new lands, such as opening new forest lands through
intensification of production on a non-sustainable basis. Non-sustainable agricultural
practices involving deforestation lead to partial oxidation of soil organic carbon and the
release of CO, into the atmosphere. Trees soils and forest take in carbon at a rate that is
determined by a number of factors including the type of forest, its location and it age. Forest
store large amounts of carbon in trees and soil Also, consequence of deforestation and
degradation are the release of the carbon originally held in the forest to the atmosphere, either
immediately through the burning of the vegetation or more slowly as unburned organic
matter decays. Cultivation further oxidizes 25-30% of the organic matter in the upper part of
the soil and these are released into the atmosphere (Houghton, 2005). Deforestation and
forest degradation are said to contribute to between 20 and 25% of the global greenhouse gas
emissions. The burning of forests for the purpose of land clearing and the oxidation of carbon
compound in the vegetation are additional sources of emissions of CO, through land use into
the atmosphere (Parker, 2009). Plant production and decomposition determine C inputs into
the soil profile. The type of vegetation cover may influence the abundance of organic C in the
soil, which in turn affects plant production (Jobbagy and Jackson, 2000). Further,
deforestation consequently leads to soil erosion which exposes organic carbon in the soil to
rapid oxidation resulting in CO; release into the atmosphere. The office of the United Frame
Work Convention on Climate Change(UNFCCC) now talks of rising concentration of
greenhouse gases (GHGS) in the earth’s atmosphere, resulting from economic and
demographic growth over the past two centuries since the industrial revolution (Spore,2003).
The effect of GHGS especially carbon dioxide (CO,) the most abundant from human
resource is to act like a blanket over the earth surface, keeping it warmer than it would
otherwise be. The intergovernmental panel on climate change (IPCC) project that global
mean temperatures on average by 1.4 5,8 degrees Celsius by 2010. may increase on an
average. According to sathaye et al (2006) this unprecedented increase is expected to have
severe impacts on the global hydrological system, ecosystem, sea level, crop production and
related processes. The impact would particularly severe in the tropical areas, which mainly
consist of developing countries including Nigeria. According to Bolin and Sukumar (2000)
the oceans contains 39,000 gigatons of carbon fossil fuel deposits about 16,000Gtc, soil and
vegetation about 2500Gtc, and the atmosphere 760Gtc. High temperatures in the tropics,
promote rapid decomposition of soil organic carbon and the release of carbon dioxide into the
atmosphere, thereby compounding the problem of global warning. However, negative
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changes in the global climate (rising temperatures, higher frequency of droughts and floods)
are often the most consequential processes associated with an increased concentration of CO,
in the atmosphere (USDA NRCS, 2000). A vital role of forests is recycling of air in the lower
atmosphere and its ability to store and release carbon dioxide through natural processes. As a
tree grows it takes in CO, from the atmosphere and releases oxygen in the process of
photosynthesis. The carbon that is taken from the air is incorporated into sugars (such as
glucose), that become the building blocks for production of wood. About one-half the weight
of dry wood is carbon and that carbon is stored or sequestered as long as the wood is in
existence. When trees die, decay or burn they release carbon stored in the soils and biomass
(organic matter such as stems, stumps and slash) as CO; into the atmosphere. Carbon is also
released as CO, when trees are harvested, although considerable carbon is stored in wood put
into long-term use such as in houses, furniture, and books. As the amount of tree biomass
increases (within a forest or in forest products) the increase in atmospheric CO; is mitigated.

Nigeria’s Policy Formulation with Regards to Protection and Conservation of Forest

The forestry act which was promulgated in 1958 provides for the preservation of forests and
the setting up of forest reserves. It is an offence, punishable with up to six months
imprisonment, to cut down trees over 2ft in girth or to set fire to the forest except under
special circumstances. The Federal Ministry of Environment, (2006) reported that one of the
factors that militate against sustainable forest management is the absence of a National
Forestry Act. Apart from using the provision of the Act to regulate forestry practices in
Nigeria and to give also a legal backing for the National Forest Policy, it would further
enable us to meet the obligations on the treaties and conventions relevant to forestry
development to which Nigeria is a signatory. The Federal Ministry of Environment, (2006)
also reported that the first ever National Forestry Act has been evolved to back the policy and
have since been presented to the Council for ratification and to be passed into law.

There is a law that borders on conservation and protection of forests. This law should
therefore be properly implemented and enforced to the law with proper policing and
monitoring and stringent punishment. Aforestation and Reforestation programmes with
incentives should be organized to recuperate the dwindling forests. Moderate Resolution
Imaging Spectrometer (MODIS) should be launched onboard Nigeria’s satellite so as to
enable the monitoring of deforestation and necessitate quick action in case of unlawful
deforestation. More studies using advanced models should be carried out to investigate the
actual impact deforestation has on global warming/temperature increase and climate change
in Nigeria.
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Ways to Conserve the Forest
e Controlled Deforestation

While deforestation cannot be avoided completely, there are various steps to control it.
Young and immature trees should not be felled as far as possible. We must look to avoid
large-scale commercial deforestation as well. Adapting practices such as clear-cutting or
selective cutting will be beneficial in the long run.

e Protect against Forest Fires

Forest fires are the most common and deadly cause of loss of forests. They can start due to
natural causes or can be accidents caused by man or even intentional in some cases. Once a
fire spreads in a forest it is very difficult to control. Precautions must be taken for such
incidents. Making fire lanes, spreading chemicals to control fire, clearing out dry leaves and
trees etc.

e Reforestation and Afforestation

The sustained yield concept dictates that whenever timber is removed, either by block cutting
or by selective cutting, the denuded area must be reforested. This may be done by natural or
artificial methods. Similarly, any forested land which has been destroyed by fire or mining
activities should be reforested.

e Better Farming Practices

Slash and burn farming, overgrazing by cattle, shifting agriculture are all farming practices
that are harmful to the environment and particularly to forests. these practices should be put
under control.

Conclusion

The forest resources are valuable as an integral part of the ecosystem, from the commercial
point of view, and as providers of shelter to wildlife the importance of forests cannot be
underestimated as we depend on forests for our survival, from the air we breathe to the wood
we use. Besides providing habitats for animals and livelihoods for humans, forests also offer
watershed protection, prevent soil erosion and mitigate climate change.
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Abstract

Vulnerability assessments to climate change have a long history on multidisciplinary
research. Identification and assessing the degree of vulnerability as a result of climate
change is an essential pre-requisite for reducing climate change impacts. The broad
objective is to develop composite index based on indicators/variables from exposure,
sensitivity and adaptive capacity. Data were collected through structured questionnaire
survey. A total of 15 environmental and socio-economic indicators were identified and
analyzed to measure vulnerability status in the agricultural zones. Selected indicators were
first normalized and then multiplied by appropriate weights to compute the exposure,
sensitivity adaptive capacity and vulnerability indices. Scores of Exposure-Sensitivity
Index (ESI) suggest that Kabba/Bunu (1.239), Lokoja (1.107), Kogi (1.203) were most
prone and susceptible zones to climate change whereas Ibaji (0.718) is the least
Exposed and sensitive zone. Katcha,(0.692), ljumu (0.610), Kabba/Bunu (0.579) and Shiroro
(0.575) are categorized under very high to high degree of vulnerability while Bassa
(0.065), Ibaji (0.237) and Idah (0.332) were rated low vulnerable to climate change. These
prioritized areas, based on rank and degree of vulnerability, should be given
immediate consideration, and measures should be taken by internalizing region specific
needs and by carrying out necessary changes in allocation of funds and resources to
address the growing challenge of climate change.

Keyword: Climate change, Adaptive capacity, Exposure, Sensitivity, Composite index
Vulnerability

Introduction

Climate change has become one of the most intervening global issues facing human kind and
earth’s natural system. Intergovernmental Panel on Climate Change (IPCC) (2007) refers
climate change to a change in the state of the climate that can be identified by changes in the
mean or the variability of its properties which persists for an extended period,
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typically decades or longer. According to Amajath-Babu, et al. (2016), climate change is a
global challenge facing humans and their socio-economic activities, health, livelihood and
food security with a more serious threat than global terrorism (King, 2004).

Nmadu et al. (2017) posited that about 90% of the total population in Nigeria depends on
rain-fed agriculture for food production. Therefore, any changes in climate will have an
impact on productivity and their social-economic activities in the country. The effects can be
measured in term of its effects on crop growth, soil erosion, incidence of pests and diseases
and availability of soil water. In Nigeria, the adverse impacts of climate change are already
having their toll on the livelihood of people as farmland are being destroyed by floods, due to
heavy rain falls. All the changes will aggravate the situation leading to increased
vulnerability of the communities to the impacts of climate change and affecting sectors of the
economy, especially agriculture, water, energy and health (Mugula, 2013). Vulnerability is a
function of the character, magnitude and the rate of climate variation to which a system is
exposed; its sensitivity and adaptive capacity (McCarthy et al. 2001), where, exposure can be
interpreted as the direct danger and the nature and extent of changes to a region’s climate
variables (temperature, precipitation, rainfall, extreme weather events) while sensitivity
describes the human-environmental conditions that can worsen the hazard or trigger an
impact. However, adaptive capacity represents the potential to implement adaptation
measures that help avert potential impacts

Brooks (2003) identified exposure, sensitivity and adaptive capacity as the three main
components of vulnerability. Exposure is the degree to which a system is exposed to climatic
variability like rainfall, temperature, precipitation and drought. Sensitivity on the other hand
can be defined as the degree to which a system is affected either negatively or favorably by
the climate variability while adaptive capacity is the ability of the system to cope up the
negative effect of climatic variability.

Several approaches have been used by several authors in ranking zones. Swain and Mohanty
(2010), Mohanty and Ram (2001) have developed different ranking techniques including
multivariate ones to rank the districts / states of the country. In the present study, Composite
Climate Change Vulnerability Index (CCCV) approach has been adopted to classify the
agricultural zones according to different levels of vulnerability on the basis of some
selected indicators mentioned below in the methodology.

Materials and Methods
Study Area

The study was carried out in Niger and Kogi States in North Central Nigeria. Niger State is
located between latitudes 3°, 20* and 7°, 20'E and between longitudes 8°, 35" and 11° 30" and
with a total population of 4,412,037 (National Population Commission (NPC), 2006). Niger
State experiences distinct dry and we seasons with annual rainfall varying from 1,100mm in

147



the northern part to 1,600mm in the southern parts. Its maximum temperature is usually not
more than 31°C which can be recorded between December and January Kogi State is also
located in the north central Nigeria.lt comprise 21 local government areas and with a total
land area of and with a population of 3,595,789 (NPC, 2006). The state is situated between
latitude 6°21'N and 8°45'N and longitude 6°E and 8°E. ). Kogi State has two seasons, the
wet and dry. The wet season begins in March and ends in October, while the dry season
spans between Novembers to early March. The annual rainfall is between 1016mm and
1524mm while mean temperature ranges between 24°C and 27°C (National Bureau of
Statistics, 2016).

Sampling Techniques and Data Collection

In order to select a representative sample of the respondents for this study, multistage and
stratified sampling techniques were adopted. The North Central Nigeria comprises six states
but Niger and Kogi States were purposively selected in the first stage considering their
greater production of local rice and stratified into agricultural zones. The second stage
involves random selection of two local government area each from all the agricultural zones.
Thirdly, two (2) villages were randomly selected based on the enumeration areas making a
total of twenty eight (28) villages in all. Sampling frame of households was generated using
the 2006 population census enumeration area list. However, Taro Yamane’s (1967) formula
was used to generate the sampled size at 8% and 9% precision respectively for Niger and
Kogi States from each of the agricultural zones. Lastly, a total of two hundred and seventy
nine (279) household rice farmers’ were interviewed in the study areas. However, one
hundred and fifty six (156) from Niger State while one hundred and twenty three (123) from

Kogi State were selected to make up the two hundred and seventy nine rice farmers’. The
N

1+N(e)?

Yamane, (1967) formulais n =

In this study fifteen (15) important indicators have been selected to measure the level of rice
farmers’ vulnerability in the zones as showed in Table 1

Table 1 showing the distribution of Exposure, Sensitivity and Adaptive Capacity

S/N  Exposure indicators Sensitivity indicators Adaptation capacity

1 Percentage change in Population density (S1)  Member of association (AC1
rainfall from the base

year value (E1)
2 Change in maximum Rice output (S2) Percentage with access to credit
temperature (E2) (AC2)
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3 Change in  minimum Percentage of Percentage with access to health

temperature (E3) smallholder farmers clinic (AC3)
(S3)
4 Percentage of malaria Distance to the market to sell
fever (S4) produce (AC4)
5 Percentage of male Average farm size (AC5)

households head (S5)

6 Percentage Area not Literacy rate (AC6)
cultivated (S6)

The model is given implicitly as

Vulnerability = [Adaptive capacity — [Exposure + Sensitivity]

It can thus be written mathematically as

V1= AC) oo, (1)
Where

V = Vulnerability, | = Impact (exposure + sensitivity), AC = Adaptive capacity

Vulnerability indicators were normalized in order to obtain indicator which are free from
units and scales. Suppose we have collected information on change in maximum temperature
or change in annual rainfall, it is clear that the higher the values of these indicators, the more
will be the vulnerability of the region to climate change. In this case we say that the variables
have upward functional relationship with vulnerability and the normalization is done using
the formula in equation (2) and all the scores will lie between 0 and 1. The
indicators/variables have different units and have different functional relationship with
vulnerability. The Mini-Max Method normalization equations for an upward and downward
functional relationship are;

The upward functional relationship is

Xij—Min(Xij)

— l
Xl] - Max{X”}—Mln(XL]) ......................................................... (2)
i

While the downward normalization functions stated that

_ Max{Xij}—Xij
Yij = Max(XyMin(Xy) s 3)
ii
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Where Xi represents the value of the I-th variable and is either positive or otherwise with the
vulnerability of the zone. The choice of weights in this matter would ensure that larger
variation in any one of the indicators would not unduly dominate the contribution of the rest
of the indicators and distort inter regional comparisons. However, we opted for a simple
average of the scores to construct the vulnerability index and for a meaningful categorization
of the different stages of vulnerability, quartiles was calculated and used to classify the zones.

Results and Discussions

Exposure Index: Zones-wise scores of exposure and sensitivity index and classification
of zone under different degrees of exposure have been given in Table 2

Table 2 showing the score of Exposure and sensitivity index with degrees of Exposure and
Sensitivity

Zone Exposure Rank Degree of Sensitivity Rank Degree of
Index Exposure Sensitivity
Katcha 0.54 7 High 0.493 7 High
Mokwa 0.515 9 Medium 0.284 13 Low
Woushishi 0.401 14 Low 0.393 8 Medium
Mariga 0.568 4 Very high 0.365 9 Medium
Shiroro 0.690 1 Very high 0.288 12 Low
Paikoro 0.680 2 Very high 0.296 11 Medium
Bassa 0.400 13 Low 0.331 10 Medium
Ibaji 0.441 12 Low 0.277 14 Low
ljJumu 0.496 10 Medium 0.582 3 Very high
Kabba/Bunu 0.510 8 Medium 0.729 1 Very high
Kogi 0.562 5 High 0.545 5 High
Lokoja 0.599 3 Very high 0.604 2 Very high
Idah 0.454 11 Medium 0.543 6 High
Omalla 0.520 6 High 0.548 4 Very high

Table 2 showed that Paikoro (0.680), Shiroro ( 0.69), Kogi (0.560) and Lokoja (0.599) zone
emerged most highly exposed climate change/variability because they have exposure score
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that is more than 0.560 as per quartile analysis under the high degree of exposure while
Wushishi, Bassa and Ibaji emerged as least exposed zone. This agrees with Kumar et al.,
(2016) in the study of assessment of vulnerability to climate change in Karnataka.

Sensitivity Index: The result showed that Kabba/Bunu (0.729) was rated as highly sensitive
while Ibaji (0.277) was rated as least sensitive zone. Rural population densities, area under
small and marginal farmer, household dependent on family farm for food and crop diversity
index were the major factors for high sensitivity in the zone.

Adaptive Capacity Index: Table 1 showed estimated set of proxy socio-economic indicators
for adaptive capacity to cope with the impact of the climate variability in the zone. Lokoja,
Bassa, Idah and Kogi (0.762, 0.705, 0.667 and 0.644) respectively ranked high in terms of
adaptive capacity while Wushishi, Mokwa, Shiroro and Katcha ranked least in adaptive
capacity as showed in Table 3. High adaptive capacity in the area could be as a result of
increase in net irrigated area, access to information on climate variability and increase in
literacy rate of the farmers.

Table 3 showing score of Adaptive Capacity, Exposure and Sensitivity and Vulnerability
index

Zone Degree of Degree Degree if
AC Rank AC ESI  Rank of ESI VI Rank Vulnerability

Katcha 0.340 14 Low 1.032 6 High 0692 1 Very High

Mokwa 0.434 12 Low 0.797 12 Low 0.363 10 Medium

Wushishi 0.449 11 Medium 0.794 11 Medium 0.345 11 Medium

Mariga 0.538 7 High 0.955 10 Medium  0.417 9 Medium
Shiroro 0.403 13 Low 0.978 8 Medium 0.575 4 Very High
Paikoro 0.527 8 Medium 0976 9 Medium 0.449 7 High
Bassa 0.577 2 Very high  0.732 13 Low 0.065 14 Low

Ibaji 0481 9 Medium 0.718 14 Low 0.237 13 Low
ljumu Very

0.468 10 Medium 1.078 4 High 061 2 Very High

Kabba/Bunu Very
0544 6 High 1.239 1 High 0579 3 Very High
Kogi Very

0.644 4 Very high 1107 3 High 0.463 6 High
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Lokoja Very
0.762 1 Very high 1203 2 High 0.441 8 Medium

Idah 0.667 3 Very high 0997 7 High 0.332 12 Low

Omalla 0.574 5 High 1.068 5 High 0494 5 High

Vulnerability Index: The results showed that Katcha (0.692) was the most vulnerable zone
on the account of being poor in adaptive capacity and are prone in terms of exposure-
sensitivity, followed by ljumu (0.610), Kabba/Bunu (0.579) and Shiroro (0.575) respectively.
The finding is in conformity with vulnerability status reported by Kumar et al (2016) using a
composite index.

Conclusions

This study focused on the micro-level to assess the variability of vulnerability across different
zones. The climate change vulnerability index obtained from this study will assist policy
makers, donor organizations, farmers and government in making decision to climate
variability developments and support to reduce vulnerability rural farmers in the North
Central Nigeria.The composite vulnerability index explains that rice farmers in Katcha,
ljumu, Shiroro and Kabba/Bunu zones were more vulnerable to adverse effects of climate
variability.

In other to moderate the damaging effects of exposure and reduced sensitivity, there is need
to take the adaptive measures such as provision of infrastructure, conserving in-situ soil
moisture and augmenting groundwater and rain harvesting for supplemental irrigation that
will enhance farmers’ wealth and assets. There is need also to put in place holistic approach
moderating exposure level, sensitivity and enhancing adaptation strategies/resources for
sustaining the rice farmers’ in the wake of frequent climate aberrations manifested in the
form of erratic rainfall pattern and moderate droughts.
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Abstract:

This study assessed mitigating strategies to climate change by potato farmers in Bokkos
Local Government Area, Plateau State, Nigeria. Questionnaire was used to collect data from
a sample of 304 respondents in four (4) districts of the LGA. Data were sampled through
simple random sampling techniques. The study revealed major effects of climate change in

the study to include low rainfall (X =3.47), early cessation of rain (X =3.04), incidence of

pests and diseases (X =2.99), low yield (X =2.97) among others. Mitigating strategies adopted
by potato farmers against climate change on their source of livelihood include planting early

maturing cultivars (X =2.84), planting at the onset of rain (X =2.81), use of agro chemicals (

X =2.77) and observing spraying regime (X =2.50) among others. The study therefore
recommends that there is need for the development and dissemination of agricultural
technologies such as early-maturing varieties, disease/pest resistant varieties, drought
resistant varieties by research institutions and that Governmental organizations should
support small-holder farmers by providing the improved varieties of potato seeds at a
subsidized rate.

Keywords: Mitigating Strategies, Climate, Potato, Farmers

Introduction

Potato (Solanum tuberrosu L) is one of the tuber crops grown cultivated in Jos, Plateau State,
Nigeria. It ranked fourth in the world as food crop after maize, rice and wheat (FAO, 2010).
It is one of mankind’s most valuable food crops in the world. Potato is important to the
national food security because it takes short time to mature and has high yield (3.9 tons/ha)

compared to other root and tuber crops that have the yield of one ton/ha (Wuyep, et al 2015).
154


mailto:nasoyamah@,vahoo.com
mailto:amadepaul.ap@gmail.com

Potato is an important source of nutrient, revenue and employment. Findings shows that Jos
Plateau has a sole comparative advantages in potato production in Nigeria because of its
temperate climatic condition which meets the condition for the production in both rainy and
dry seasons Maddison, D. (2006). Over the years the temperate climatic condition of Plateau
State has supported the successful production of potato; however with climate change threat a
decline in annual yield of potato production generally has been recorded.

Climate change is a shift in the average weather condition of a given area experienced over a
period of time (Krishna, 2011). It is an insistent alteration in climate parameters (temperature,
rainfall, humidity and soil moisture) and atmospheric gases due to variation in the statistical
distribution of weather condition over time which range from decades to millions of years.
Alteration in the atmospheric composition is attributed to the emission of greenhouse gases
such as methane (NH,4), Carbon IV Oxide (CO,), Nitrogen Il Oxide (N,O) and other gases
(Alade and Ademola 2013). Climate change according to Adejowon (2004); Odewumi, et al
(2003) is the most serious environmental threat to agricultural production. Direct impact of
climate change on agricultural system include changes in temperature and rainfall which
could impacts on agro climatic conditions, altering planting and growing seasons, harvesting
calendars, water availability, pest prevalence, weed and disease populations (Nelson, et al
2009).

Agricultural production in Nigeria which is the major source of survival for the rural people
is apparently affected by climate-related shock; this is usually manifested by the occurrence
of pest and insect infestations as well as land degradation problems (Obioha, 2009); and in
climate change impacts alternation in evapo-transpiration, photosynthesis, biomass
production and land sustainability for agricultural production (Obiohia, 2009; Ozor and
Madukwe, 2012). Deressa (2006) stated that climate change has negatively affected farmers
of both crops and livestock and has increased the frequency of extreme events such as
drought and flooding which has reduced soil fertility and yield from crop production and
livestock keeping. There has also been loss of some major crops due to the threats of climate
change; accordingly, farmers are trying to keep up by cultivating crops that are able to
survive short or no rainfall.

In the word of Stem (2007) climate change is threatening to undo decades of development
efforts due to its negative impacts on agriculture, health, environment, roads, and buildings
especially in developing countries. It affects both food and water resources that are critical
for livelihood in Africa, where most population especially the poor, rely on local supply
system that are sensitive to climate change to survive. However, adaptation to climate change
requires that farmers must first perceive that climate has changed, identify useful adaptations
and implement necessary mitigating responses (Maddison, 2006). Obioha (2019) noted that
the sustainability of the environments to provide all life support system and the materials for
fulfilling all developmental severity to man depend on suitability of the climate which is
undergoing constant changes. The effect of these changes is posing threat to food security in
Nigeria and world at large.
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This paper therefore assessed mitigating strategies to climate change by potato farmers in
Bokkos Local Government Area, Plateau State, Nigeria. Specific objectives are:

i. To identify effects of climate change on potato production; and
ii. To determine mitigating strategies to climate change in the study area.
Methodology

This study was conducted in Bokkos Local Government Area (LGA), Plateau State, Nigeria.
Bokkos LGA is one of the 17 LGAs in Plateau State. It is located between latitudes 9° 8’00
North and longitude 9° 00’00 East and covers a land area of about 1,682 km?. The estimated
population of the LGA was about 193,392,500 persons (National Population Commission
(NPC, 2006). It has a temperate climatic condition which favor’s the growth of different
crops such as maize potato, sorghum, cowpea, fruits and vegetables and also livestock
production. The primary occupation of the populace is farming.

The population of this study comprised all potato farmers in the LGA. Out of seven (7)
districts in the LGA, four (4) districts were purposively selected because of their involvement
in potato production and were used for the study. In each of the four (4) districts selected,
eighty (80) respondents were selected using simple randomly sampling method which gave a
population size of three hundred and twenty (320) respondents. Questionnaire was used to
collect data. Out of the three hundred and twenty (320) copies of questionnaire distributed,
three hundred and four (304) copied were retrieved and used for analysis.

A four point Likert-type scale of “strongly agree (4)", "agree (3)", "disagree (2) and strongly
disagree (1) was used for objective two and three. The values were added to obtain 10 which
were further divided by 4 to obtain a mean of 2.5. Any mean value that is equal or greater
than 2.5 was regarded a major effect and major mitigating strategy, while a mean score of
less than 2.5 was regarded as a minor effect and minor mitigating strategy.

Results and Discussion

Perceived Effects of Climate Change in the Study Area

The study revealed that low rainfall (X =3.47), early cessation of rain (X = 3.04), incidence of

pests and diseases (X =2.99) and low yield (X =2.97) among others were the major effects of
climate change in the study area. Low soil fertility was found to be a minor effect of climate
change in the study area as it is below the cut-off mean of (2.50) (Table 2). This implies that
climate change has negatively affected potato production in the study area. This is affirmed
by Deressa (2006) who recapitulate that agriculture is the most important sector but has been
negatively impacted by climate change.

156



Table 1: Effects of Climate Change on Potato Production

Effects
Mean Score ~ Standard Ranking
Deviation

Low rainfall 3.47 0.832 1
Late on-set of rain 2.58 0.728 7
Early cessation of rain 3.05 0.843 2
Incidence of pest and disease 2.99 0.903 3
Low vyield 2.97 0.959 4
Loss of soil fertility 2.33 1.013 8
Erratic rainfall 2.82 0.849 5
High temperature 2.80 1.002 6

Source: Field Survey, (2019); Cut-off Mean (X =2.50)

Table 3 revealed mitigating strategies adopted by the farmers to manage the adverse effects
of climate change on potato farming in the study area. Planting early maturing variety of

potato (X =2.84), planting potato at onset of rain (X =2.81), use of agro-chemicals (pesticides

and herbicides) (X =2.77), use of inorganic fertilizer (X =2.72) among other strategies were
the major mitigating strategies over climate change adopted by potato farmers in the study
area. This result is in concurrence with Wuyep, Ari and Samuel (2019) who recapped that
majority of farmers use improves crop varieties, maturing cultivars, pest and disease resistant
varieties, inorganic pesticides and fertilizer as mitigating strategies against climate change on
small scale agriculture.

Table 2: Mitigating Strategies to Climate Change in the study area

Mitigating Strategies Mean score  Standard
Deviation
Planting early maturing variety of potato 2.84 0.941
Planting potato at onset of rain 2.81 0.966
Changing the planting date for potato 2.56 0.899
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Plant disease resistance variety 2.57 0.891

Plant pest resistance variety 2.43 1.004
Planting in off season (ending July and August) 2.53 1.090
Observing spraying regime 251 0.963
Crop diversification 2.46 0.975
Provision of irrigation 2.23 0.995
Mix cropping 2.22 0.949
Use information on weather and climate 2.63 1.082
Use of inorganic fertilizer 2.72 0.924
Use of agro-chemicals (pesticides and herbicides) 2.77 0.873

Use of proper land management practices(drainage,

ridge construction among others) 2581 0.812

Source: Field Survey, 2019; Cut-off Mean (X =2.50)
Conclusion

Majority of the respondents were males, married with relatively large household size, had
formal education and relatively fair experience in potato farming. The study revealed major
effects of climate change in the study area to include low rainfall, early cessation of rain,
incidence of pests and diseases, low yield among others. Mitigating strategies adopted by
potato farmers against climate change on their source of livelihood include planting early
maturing cultivars, planting at the onset of rain, use of agro chemicals and observing spraying
regime among others.

Recommendations
The study recommends that

i. There is need for the development and dissemination of agricultural technologies such
as early-maturing varieties, disease/pest resistant varieties, and drought resistant
varieties by research institutions.

ii. Governmental organizations should support small-holder farmers by providing
improved varieties (early maturing and disease/pest resistant varieties) of potato
seeds at a subsidized rate.

iii. Farmers should be provided with accurate weather forecasts to enable them fully
exploit seasonal rainfall distribution to improve and stabilize crop yields.
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Abstract

Benue state has continuously experienced floods, which is a manifestation of climate change.
How this climate change manifestation affects the production and productivity of cassava and
yam that are the major livelihood sources of majority of the farmers in the state remains
largely underestimated. This paper examines the impact of climate change on the productivity
of cassava and yam with specific interest in assessing changes in climate variables;
estimating growth rate in production and productivity of the crops and evaluating the impact
of selected climate variables on the productivity of the crops. Data on climate variables were
obtained from NIMET and the worldweatheronline.com from 1999 to 2018, while crop yield
data for the same period were sourced from Benue State Agricultural and Rural Development
Authority Agency (BNARDA), Makurdi. This study employed quantitative approach using
linear regression model and descriptive statistic to determine the impact of temperature and
rainfall on cassava and yam production and productivity. The findings reveal that the area
under cassava cultivation has been growing while output of cassava has been on the decrease.
Temperature was found to have a positive effect on the yield of yam within the years under
review. The cropping area for both cassava and yam was also found to positively influence
yield of both crops. This study thus recommends among other things, educating extension
workers and farmers generally on issues concerning climate change and specifically on the
causes, indicators and effects of climate change on agriculture.

Keywords: Climate change, Cassava, Yam, Productivity, Benue state

Introduction

In Nigeria, agriculture is the largest sector of the economy and employs two-thirds of the
entire labour force (FAO, 2020). It is predominantly a rain fed system and hence vulnerable
to climate change (NFNC, 2003). Dominant crops cultivated in the country include yam,
cassava, maize, sorghum, millet, rice and among others. Cassava and yam are important
staple foods and cash crops in several tropical countries especially Nigeria where they play
principal role in food security. Nigeria is the highest producer of both cassava and yam in the
world with an output of57 million tons and 44 Million tons respectively in 2016 (FAOSTAT,
2016).
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Despite the fact that these plants grow and produce well in the Nigerian environment, it has
shown different growth behaviour and yield in different years as a result of differences in the
annual weather condition. This is because climate variability has possibility of degrading soil
and water resources and subsequently subsistence agricultural production, which is largely
practised by root and tuber crops farmers (Pidwirny and Sidney, 2007). Temperature and
precipitation are dominant climatic factors that affect crop yield and they vary widely
throughout the year and over time (Alexandrov & Hoogenboom, 2000). In a study conducted
by Nwalem et al. (2019) in Benue State, Nigeria, climate change have caused a shift in the
timing of rainfall, drought, extreme temperatures, floods, excess rain, nutrient leaching, soil
erosion, pest and disease infestation. According to Kuta (2011) local farmers are seriously
concerned about weather variations because of the impact on food security, availability,
stability, accessibility and utilization. The change in weather affects livestock, forestry,
fisheries and decreases plant species including cassava and yam that are important food
security crops (Gumm, 2010). The above scenario has made it imperative to assess the effect
of climatic variables on cassava and yam in the state.

Methodology
Study area

This study was conducted in Benue state, Nigeria. Makurdi is the capital of Benue state and it
has a land mass of 6.595 million hectares (BNARDA 1998). Agriculture is the backbone of
Benue state’s economy, and the state is the primary source of food in Nigeria acclaiming the
slogan ‘the food basket of the nation.” Benue state is endowed with fertile arable land and
abundant raw materials and human resources with about 80% of the population directly
involved in agriculture (Akaakohol and Aye 2014). Based on its unique location, climatic
condition, fertile land, and resources, the state is believed to have the highest opportunity for
agricultural investment than any other state in Nigeria. Benue state manifests two major
seasons, the rainy season from around April to October and the dry season from November to
March. Annual average rainfall varies from 1750 mm in the Southern part of the State to
1250 mm in the North (Nwalem et al. 2016).

Method of Data Collection

Secondary data for climate variables were obtained fromliterature, Nigerian Meteorological
Agency Headquarters, Tactical Air Command Makurdi Airport and worldweatheronline.com
while cassava and yam yield data were collected from Benue State Agricultural and Rural
Development Authority Agency (BNARDA), Makurdi. The secondary data collected include
climatic data, yield and cultivated area. The period of study spans 1999-2018.

Model specification

The study employs linear regression model (Gujarati, 2013), to determine the impact of
rainfall, temperature and area cultivated on the yield of cassava and yam in Benue State from
1999 to 2018.
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The model is specified as:

Yt=p0+ X1+ X+ oinnnni U

Where, Y = Cassava output or Yam output at time i i
X1 =Temperature

X2 =Rainfalls

1 = Stochastic term

Po, p1 and po= constants

Results and Discussion

Fig. 1: Trend Analysis Plot for rainfall and temperature in Benue state (1999 — 2018)
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In figure 1, it could be seen that the trend in the annual rainfall of Benue state has been
unstable, with precipitation level at the highest in 2008 and at the lowest in 2003. The
estimated anomalies of the climate variables indicated that the amount of rainfall varied
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appreciably from year to year (Oluwasegun et al, 2010). The trend forecast indicated that the
level of precipitation in Benue state will also increase in the next five years which could lead
to flooding. The trend in the annual temperature of Benue state has also been unstable, with
the temperature hitting the highest point in the year 2000. It is expected that the annual
temperature will continue to increase from the five years’ trend forecast.

The Rate of Growth in Production and Productivity of Cassava and Yam

Linear regression was used to examine the growth rate in production and productivity of
cassava and yam and also establish whether the crops experienced stagnation, acceleration or
deceleration within the study period.

Table 1: Estimated Growth Rate in Production and Productivity of Cassava and Yam

Variable Coefficient Std. Error  t-statistic Probability
Production of cassava 75.31263 22.49611 3.35 0.004
Productivity of cassava -32.85482 16.02777 -2.05 0.056
Constant 1940.555 39.07554 49.66 0.000
R 0.4090

Adjusted-R? 0.3395

F-stat 5.88

Production of yam -18.83924 29.07537 -0.65 0.526
Productivity of yam 5.488701 29.53671 0.19 0.855
Constant 2033.579 55.51754 36.63 0.000
R 0.0524

Adjusted-R? -0.0591

F-stat 0.47

The result presented in Table 1 showed that cassava production recorded positive and
significant growth during the period. This implies that cassava per area cultivated
experienced acceleration within the period. The apparent enabling environment, that fostered
the country’s comparative advantage coupled with the multiplicity of expansion programmes
such as the presidential initiatives and Cassava Transformation Agenda have played
contributory roles. However, productivity of cassava recorded negative and significant
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growth during the period. This implies that the output/yield of cassava experienced a
deceleration within the period. This does not conform to a priori expectation. This could be
because of degrading soil caused by climate variability.

On the other hand, the coefficient for production of yam recorded a negative and not
significant growth during the period while productivity experienced a positive and not
significant growth within the period. This implies that the production and productivity of yam
in the state experienced stagnation within the period under review. This could be because of
the fact that contrary to the numerous interventions in cassava, yam is yet to have its own
significant share of interventions.

Table 2 shows determination of effect of rainfall, temperature and area under cultivation on
cassava and yam productivity in Benue State, Nigeria (1999 — 2018)

Table 2: Determinants of Cassava and Yam yields in Benue state, Nigeria (1999 to 2018)

Yield of cassava Yield of yam
Temperature 11.7748 (0.05) 221.1676 (2.00%)
Rainfall (mm) 4.303447 (0.39) -5.782171 (-1.17)
Area cultivated 13.99258 (8.42***) 9.521286 (9.99***)
Constant -1181.47 (-0.16) -6140.995 (-1.86%)
R 0.8415 0.8786
R2- Adjusted 0.8118 0.8559
F 28.32%** 38.61***

The effect of rainfall, temperature and area under cultivation were regressed with yield of
cassava and yam as dependent variables (Y) using Ordinary Least Squares regression.

For cassava, the R?was highly significant at 1% level of probability. The R? value of 0.8415
indicates that 84.15% variability of cassava yield was explained by the independent variables.
The F-values was also highly significant at 1% indicating a regression of best fit.
Temperature and rainfall had positive coefficients but were not statistically significant. This
implies that temperature and rainfall had no significant effect on the productivity of cassava
in the state within the period under review. However, area cultivated had a positive
coefficient and was statistically significant at 1% level of probability. This implies that a 1%
increase in area cultivated with cassava will led to a 14% increase in cassava yield from 1999
—2018.
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In the case of yam, the R® was also highly significant at 1% level of probability. The R?value
of 0.8786 indicates that 87.86% variability of yam output was explained by the independent
variables. The F-values was also highly significant at 1% indicating a regression of best fit.
Temperature had a positive coefficient and was statistically significant. at 10% level of
probability. This indicates that increase in the temperature over a period could lead to an
increase in yam productivity. This could be because yam requires temperatures between 25
and 30°C to develop normally (IITA, 2020). Rainfall had a negative coefficient but was not
statistically significant. This implies that rainfall had no significant effect on the productivity
of yam in the state within the period under review. On the other hand, area cultivated had a
positive coefficient and was statistically significant at 1% level of probability. This implies
that a 1% increase in area cultivated with yam led to a 10% increase in the productivity of
yam between 1999 and 2018.

Summary of major findings

e Despite an increase in area cultivated with cassava in the state, productivity has been on
the decline.

e Production and productivity of yam in the state within the period under review was
stagnated

e Variation in the yield of yam in Benue State could be attributed to climate variability
(variation in temperature).

Conclusion and recommendations

The study examined the effects of temperature and rainfall variability on cassava and yam
productivity in Benue State from 2000 to 2018. The result obtained from the regression
statistics reveals that climate has an effect on yam productivity within the years under
consideration. This study thus recommends:

e Provision of inputs like fertilizer to farmers to enable them increase their productivity

e Government should fund research and sponsor interventions in yam in order to increase
its production and productivity

e Education of extension workers and farmers generally on issues concerning climate
change and specifically on the causes and adaptation/coping strategies.
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Abstract

Agriculture which is the bedrock occupation of most rural households in Nigeria had
witnessed a lot of challenges in recent times due to total neglect, preference for crude oil and
other notable factors most importantly climate change variations. Empirical studies have
shown that climate change will distort the economic growth direction and increase the
poverty status of Nigerian farming households, hence the introduction cum innovations of
climatic smart agricultural techniques and the need for proper post-harvest management. The
study outlined the goals of climatic smart agriculture to be mitigation, adaptation and
increased productivity which is a three-win strategy for sustained food availability and
security. Climate smart technologies include solar energy techniques, green house technology
and climate resilient storage structures. It is therefore recommended that farmers in Nigeria
should adopt (CSA) as an alternative measure for increased food productivity in the face of
climatic changes. Government and other relevant stake holders in agriculture should also
integrate efforts to sustain CSA at all levels to achieve food sufficiency in Nigeria.
Furthermore, there is need for adequate post-harvest management and climate smart
techniques to curb the effect of climate change. Pre and post-harvest techniques that are
climate smart should be encouraged among farming households and communities and the
need for use of modern storage technologies.

Keywords: Agriculture, Climate Smart Techniques, Household Farmers, Post-
Harvest Management

Introduction

Agriculture is the cultivation of crops and practice of animal husbandry to provide food, wool
and other products. Agriculture remains central to most African countries economies and its
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growth has major implications for the region's food security and poverty reduction
(Onyeneke et al., 2019). Its contributions to gross domestic product (GDP) in Nigeria have
dropped drastically owing to total neglect, preference for crude oil and other notable factors
most importantly climate change variations (Osuji et al., 2020). Empirical studies have
shown that climate change will distort the economic growth direction and increase the
poverty status of Nigerian farming households if not checkmated (Osuji et al., 2019). This
has initiated the innovations of climatic smart agricultural techniques and the need for proper
post-harvest management to cushion the climatic adverse effects on agricultural production
and stored produce.

Climate smart agriculture (CSA) involves farming practices that improve farm productivity
and profitability, help farmers adapt to the negative effects of climate change and mitigate
climate change effects, e.g. by soil carbon sequestration or reductions in greenhouse gas
emissions. Climate smart agriculture is evidently an integrated approach to managing
landscapes, cropland, livestock, forests and fisheries that address the interlinked challenges of
food security and climate change (Chandra et al., 2018). Heavy precipitation as a result of
moist weather conditions may cause grains to absorb more moisture content above the
recommended optimum moisture content for storage (Kumar et al., 2020). Increase in
moisture content will encourage the growth of fungi species and mould thereby causing huge
loses in stored grains. Moisture content of stored produce increases in the presence of high
ambient humidity encouraging the contamination of grains with mycotoxins that are toxic to
human health. Drying of grains in moist weather conditions will require a longer drying time
and sometimes it is impossible to achieve. High temperature results in fast drying of crop
residue in fields and deterioration of bioactive compounds in crops. Increased vulnerability of
high temperature and elevated levels of carbon dioxide and ozone causes change in the
physicochemical quality of fruits and vegetables causing decrease in organic acid content,
flavonoids and antioxidants and unacceptable firmness. High temperature facilities risk of fire
hazards of mature crops and encourages shorter life cycle, new area of breeding and faster
reproduction of insects and pest thereby helping in the quick deterioration of stored grains.
Infected grains are thrown away (wasted) contributing to greenhouse gas emission or
retreated (sorting, winnowing, drying and fumigation) and restored.

Goals of Climate Smart Agriculture

Climate change is expected to negatively impact at least 22% of the cultivated land area for
the most important crops by 2050 (Karlsson et al., 2018). As a result this has necessitated the
core objectives and/or goals of climate smart agriculture which are;

Mitigation: CSA help to minimize and/or eradicate greenhouse gas (GHG) emissions
wherever possible. This means that it has the capacity to minimize emissions for every
calorie or kilo of fruit, fiber and fuel we generate. In essence, agricultural deforestation
should be reduced and soils and trees should be treated in ways that optimize their potential
to acts as carbon sinks and absorb CO2 from the atmosphere (Henri-Ukoha et al., 2019).
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Adaptation: CSA aims to minimize farmers' exposure to short-term risks, while at the same
time improving their resilience by developing their adaptive potential. Particular attention is
paid to the conservation of ecosystem resources. These practices are important for sustaining
efficiency and farmers’ ability to adapt to climate change variations.

Productivity: The goal of the CSA is to increase agricultural productivity and income from
crops; livestock’s and fishes in a sustainable manner without adversely affecting the climate.
In exchange, this will improve food and nutritional protection. Sustainable intensification
CSA is a key principle linked to rising productivity of household farmers.
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Fig.1 Goals of Climate Smart Agriculture
Source: FAO (2018).
Proper Post-Harvest Management

Improper post-harvest management can aggravates food losses in the face of changing
weather conditions (FAO, 2011). The food value chain system should take into consideration
the need for proper post-harvest management. Some of the adaptive post-harvest management
that will mitigate the effect of climate change includes measures to check carrying over pest
from field to grain storage. This can be achieved by early harvesting and storing techniques
with controlled on farm drying practices. Drying under shade also can protect farm produce
from unpredicted rainfall. Improved storage management practices such as sanitation and
fumigation of food storage warehouses and monitoring should be incorporated in addition to
storage of grains in airtight containers to enhance their storage periods and increase shelf life
(FAO, 2018). Design of climate smart food storage warehouses that can withstand climate
change related extreme weather conditions are also welcomed. In addition storage of varieties
of crops that are less susceptible to post harvest pest attack and evaluating pre harvest and
post-harvest crop characteristics should be encouraged.

Intricate Features of Climate Smart Agriculture
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» CSA tackles climate change: CSA actively incorporates climate change into the planning
and creation of sustainable agricultural systems, unlike traditional agricultural developments.

« CSA combines several priorities and handles trade-offs: CSA achieves triple-win
performance, such as improved efficiency, increased resilience and reduced emissions. But it
is also not possible to accomplish all three at once. Sometimes, trade-offs have to be made
when it’s time to enforce the CSA. This means that synergies be identified and the costs and
benefits of various options evaluated on the basis of stakeholder priorities identified through
participatory approaches (Totin et al., 2018)

» CSA maintains services for habitats: Habitats provide vital services to farmers, including
clean air, water, food and materials. It is imperative that CSA steps do not lead to their
deterioration. CSA therefore adopts a landscape approach that draws on the concepts of
sustainable agriculture but goes beyond the limited sectorial approaches to integrated

planning and management that result in coordinated land uses.

Table 1: Climate Change Threats and Required Climate Smart Agricultural Practices

Climate change index

Impact of Agriculture

CSA practices required

Extreme weather events

Increased incidence

of pests, diseases,
fungi, mould, and aflato
Xin contamination

Increased flooding or

water logging

Salt water intrusion

Loss of crops & food

grains

Reduced crop yield an
d quality

Reduced crop vyields
or loss of crops.

Causes difficulty in
drying of grains in
field & increases
ability to absorb
moisture beyond the
optimum condition for
storage

Reduced irrigation

Improved techniques to increase resilience of crops
to extreme weather events.

Improved extreme weather events & early
harvesting of matured crops in field.
Prediction and early warning systems

New crop varieties with improved pest and disease
resistance.

Improved pests and disease management techniques

New crop varieties with higher moisture tolerance.
Improved drainage or flood control techniques.

Using climate smart solar drying techniques to conse
rve and renew energy.

Barrier to salt water intrusion.
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Reduced availability
of irrigation water

Less precipitation

Higher temperatures

Water

Reduced crop yields
in irrigated agriculture

Reduced crop yields in

rain-fed agriculture

Reduced crop yields

New crop varieties with greater salinity tolerance.

Improved water collection, storage and distribution
techniques.

Improved irrigation efficiency.
New crop varieties with lower water requirements.
New crop varieties with lower water requirements.
Improved irrigation techniques.

Improved water collection, storage and distribution
techniques.

New crop varieties with greater heat tolerance.

Increase risks of fire Early harvesting of matured crops.
hazards in matured
crops &
causes new breeding
ground for pests &
diseases

Source: Ramachandran (2015).

Climate Smart Technologies

Since there of projections of the divesting effect of climate change in the future. Stored
agricultural produce should be properly protected to ensure food security that will adequately
feed the terming growing population. Climate smart techniques in post-harvest storage of
food will help mitigate the adverse effect of climate change and provide quick response and
environmental friendly approach. Some of these innovative climate smart techniques include

Solar energy techniques

Solar energy is a vital source of renewable energy for the generation of electricity and heat.
Solar energy techniques find its application in post-harvest handling of food such as drying of
food products. It is non-polluting, environmental friendly and conserves energy by storing
energy at peak time and using it at time of inadequacy. It is effective in management of
energy.

Green house technology

Green house technology is used to grow plant in an enclosed transparent structure with solar
radiation that creates modified agro-climatic conditions inside it. The advantages of
greenhouse technology is to make room for off season cultivation and also to protect the
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plants from unfavorable environmental and agro climatic conditions such as extreme
temperature, precipitation, disease and pest while other climatic factors like temperature,
humidity, carbon dioxide, light, pH of soil and dissolved oxygen are controlled.

Perceived Climate Smart Agricultural Problems in Nigeria

The CSA faces a variety of problems relating to conceptual awareness, implementation, the
political climate and the funding of the strategy. Below are unique issues that are considered
to require critical attention and intervention(s):

* Lack of practical knowledge of the strategy. Most smallholder farmers in Nigeria have
limited awareness and understanding of the CSA approach, thus making it difficult for its
applications (Osuji et al., 2020).

« Lack of data and knowledge and adequate local and national analytical resources. There is
no long-term climate and landscape level data in many African countries, including Nigeria.
(Giulio et al., 2020)

Conclusion and Recommendations

For Nigeria to provide adequate food needs for her increasing population requires the use of
sustainable agricultural practices which involves the introduction of Climate-Smart
Agriculture (CSA) and proper post-harvest management. CSA has been viewed as a catalyst
for improving domestic agricultural production, food sustainability and extension of shelf-life
of agricultural produce using vast approach that combines different methods under a climate
change umbrella. It assesses the risks and needs of a specific farm or farming community
through a climate impact lens, and then addresses them using practices chosen for that
particular situation. It is therefore recommended that farmers in Nigeria should adopt (CSA)
as an alternative measure for increased food productivity in the face of climatic changes.
Government and other relevant stake holders in agriculture should also integrate efforts to
sustain CSA at all levels to achieve food sufficiency in Nigeria. Furthermore, there is need
for adequate post-harvest management and climate smart techniques to curb the effect of
climate change. Pre and post-harvest techniques that are climate smart resilient should be
encouraged among farming households and communities and the need for use of modern
storage technologies.
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Abstract

This study assessed the utilization of indigenous knowledge practices in climate change
management by farmers in Cross River State Nigeria.Cross River State is one of the thirty-six
states in Nigeria. The study utilized both quantitative and qualitative research methods.
Primary data were collected using questionnaire and one hundred and twenty (120)
respondents were selected using multi-stage sampling procedure while data were analyze
with descriptive statistics. The result shows indigenous knowledge practices to include
atmospheric phenomenon and bush fallowing 15% each, fruit production and tree phenology,
seasonal forecast information, animal behaviour and spiritual manifestations 12%
respectively; factors eroding indigenous knowledge practices include lack of indigenous
knowledge in formal schools and lack of oral record keeping 30% respectively while fruiting
of trees, birds and insects songs were used to predict onset of rains. Local people possess
indigenous knowledge that assist in climate change management.

Keywords:, Climate change, farmers, indigenous knowledge, management, utilization

Introduction

Ban-Ki Moon, the former United Nations Secretary-General said; “Indigenous People have
centuries of old wisdom to live harmoniously with nature. We have to learn those wisdoms
from them. | urge you to ensure that Indigenous Peoples, their rights and contributions will
remain central as we address climate challenges”. Therefore, ideas and practices of
indigenous peoples around the world is traditional knowledge. Osterhoudt (2018)
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investigated the role played by oral histories within a community in Madagascar that cyclone
in 2011devastated. It was found that the histories can facilitate climate adaptation through
sharing of stories and memories of such events which are anticipated to become more
common due to climate change. It therefore implies that keeping of oral histories is important
in climate change adaptation strategies. Reyes et al (2018) argue that working with
indigenous people can bring about improve relationship with tribes and improve
opportunities in production especially during climate change challenges. Most farmers use
seasonal forecasts and indicators of the environment to see to the future relying on local
knowledge of the situation like fruit flowering and production of some trees, temperature, and
attitude of certain insects and birds. Bezner Kerr et al. (2018) examined the way and manner
smallholder farmers in Malawi perceive, learn, share and even use their knowledge on
changing climate and it was discovered that participation was the key in agro-ecological
system supported for smallholder farmers to develop adaptive capacities. It is survival of the
Indigenous knowledge systems that Jiri, (2016) asserts that “valuable local knowledge of
relevance to climate change assessment and adaptation is held by rural societies. These
knowledge systems are transmitted and renewed by each succeeding generation, ensuring the
wellbeing of people by providing food security, environmental conservation, and early
warning systems for disaster risk management”.

In the same manner, Braman et al. (2013) show how local people in West Africa forecast
flooding through rainfall patterns to guide against loss of lives and properties. In other words,
features mostly employed by farmers include tree phenology and fruit production, the
phenomena of wind and atmosphere; behaviour of some animal and spirituality such as
divinations, dreams and visions while differences in the fruiting and flowering of plants
equally influence the expectations of farmers. For example, so much fruits on a particular
side of a tree signify the direction of first rain while trees growing very close to houses are
used to announce the onset of rain (Mafongoya & Ajayi, 2017). In other words, farmers use
their local or indigenous knowledge of the moon and stars changes or appearances for
cropping calendars. More so, farmers also use animals’ behaviour such as songs and
movements to forecast rainy season. Even the rainfall amount can be predicted based on
whether the bird was singing with happiness or not (Mafongoya & Ajayi, 2017). According
to Luseno et al., (2003), “when the bird sings with a clear, sharp voice it means the bird is
happy and indicates to farmers that a lot of rain that will fall, and vice versa”. The chief and
other traditional stakeholders also play a significant role in indigenous forecasting for
smallholder farmers as farmers believed that they commune with their ancestors and spiritual
beings to give them bumper harvest (Kolawole et al., 2014; Roudier et al., 2014). Thus, there
is a belief in God and spirit among indigenous people. One of the social capitals for the poor
is Indigenous knowledge systems (IKS) which the people must preserve at all cost in order to
prevent its extinction. Lane et al., (2018) suggest that “skepticism towards anthropogenic
climate change among farmers, structural influences such as financial and economic
pressures, and broader risk perceptions associated with non-climate concerns limit adaptive
and mitigative actions among farmers in New York and Pennsylvania”. However, locally
acquired knowledge is capable of bringing about practical remedies that enhance adaptation
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and mitigation against global warming and as such indigenous knowledge is the focus of
locally acceptable strategies for combating climate change effects (Mapfumo et al., 2015). In
Botswana, the resilience of smallholder farmers start from their knowledge of seasonality
while in Zimbabwe, Zunde Ramambo which is a social capital programme assist in storing
foods for distribution to community members in the time of scarcity (Wuebbles et al., 2018).
Similarly in Nigeria, Obatu yenyi a water reservoir programme in Okpoma Yala, where there
is a reservoir to collect water during rainy season and the reservoir open to entire community
members during the dry season as main source of drinking water.

Several factors sometimes beyond the control of indigenous communities are contributing to
the gradual loss of indigenous knowledge. In other words, indigenous knowledge systems in
Sub-Saharan Africa are rapidly eroding and being lost due to its unavailability in curriculum
of formal schools, globalization, migration; lack of oral record keeping in terms of songs,
dance and other folklores; and easy access to western culture (Mafongoya & Ajayi, 2017).
Despite this, formal education in several countries is contributing to the extinction of
indigenous knowledge by reducing the social capital of younger generations. It is on this note
that this study assesses the utilization of Indigenous Knowledge practices for climate change
management by farmers in Cross River State Nigeria.

Materials and Methods

This study was conducted in Cross River State, one of the thirty-six states in Nigeria. The
State is bounded with Cameroun Republic and has a land area measuring 98,000 square
kilometres with a population size of nearly 3 million persons. The major crops grown in the
state are cassava, yams, rice, melon, pineapples, cowpeas and vegetables. Several wildlife
inhabit the state such as monkeys, gorillas; chimpanzees; reptiles and buffalos. The study
utilizes both quantitative and qualitative research methods. Primary data were collected
using questionnaire and one hundred and twenty respondents (120) respondents were selected
using multi-stage sampling procedure. In the first stage, two agricultural blocks each were
selected to reflect a high population of indigenous people across the three agricultural zones
in the state. The second stage involved a random selection of two agricultural cells each from
the selected blocks (12 cells). The last stage was a random selection of ten respondents from
each cell to make 120 as sample. Descriptive statistics such as frequency and percentages
were used to analyze the data collected.
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Results and Discussion

Table 1. Distribution of Respondents by Different IK Practices (h=120)

S/No. Indigenous Knowledge Practices Frequency Percentage
1 Fruit production and tree phenology 12 10
2 Seasonal forecast information 12 10
3 Atmospheric phenomenon 18 15
4 Animal behaviour 12 10
5 Spiritual manifestations 12 10
6 Role of Chief and other traditional rulers 6 5
7 Indigenous social capital (collective 18 15
wealth
8 Trade by barter 3 2.5
9 Bush fallowing 18 15
10 Mulching 6 5
11 Use of under-utilized and neglected 3 2.5
species

Source: Field survey, 2019

The result of Table 1 shows indigenous knowledge practices to include atmospheric
phenomenon and bush fallowing 15% each, fruit production and tree phenology, seasonal
forecast information, animal behaviour and spiritual manifestations 12%; role of chief and
other traditional stakeholders and mulching 6% while trade by barter and use of under-
utilized and neglected species 3%. This result is in agreement with earlier studies by
((Kolawole et al., 2014; Roudier et al., 2014; Mapfumo et al., 2015; Mafongoya & Ajayi,
2017; Wuebbles et al., 2018). Thus, locally acquire knowledge is capable of bringing about
practical remedies that enhance adaptation and mitigation against global warming.

Table 2. Distribution of Respondents by factors eroding IK Practices (n=120)

S/No. Indigenous Knowledge Practices Frequency Percentage

1 Lack of indigenous knowledge in formal 36 30
schools

2 Globalization 6 5

3 Internal and external migration 24 20

4 Access to imported Western 6 5
foods/popular culture

5 Lack of oral record keeping 36 30

6 Uptake of English Language/youth 12 10

dissent towards ecological practices
Source: Field survey, 2019
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Table 2 shows the distribution of respondents by factors eroding indigenous knowledge
practices with lack of indigenous knowledge in formal schools and lack of oral record
keeping 30% respectively, internal and external migration 20%; uptake of English language
and youth dissent towards ecological practices 10% while globalization and access to
imported western foods/popular culture 5% respectively supporting the works of Mafongoya
& Ajayi, (2017). Although some of the factors are beyond the control of local farmers, there
is absolute need to preserve them.

Table 3. Utilization of Indigenous Knowledge Practices (n=120)

S/No. Indigenous Knowledge Utilization (Type of explanations)
Indicators

1 Fruit production and tree So much fruits on a particular side of a tree signify
phenology the direction of first rain while trees growing very

close to houses are used to announce the onset of
rain not (Mafongoya & Ajayi, 2017)

2 Seasonal forecast information  Forecast flooding through rainfall patterns to guide
against loss of lives and properties; Use of moon
and stars changes or appearances for cropping
calendars (Braman et al. (2013)

3 Atmospheric phenomenon A better rainy season comes with increasing
temperatures while a bad one comes with violent
winds during dry season not (Mafongoya & Ajayi,
2017)

4 Animal behaviour Use of animals’ behaviour such as birds and insect
songs and movements to forecast rainy season.
Even the rainfall amount can be predicted based on
whether the bird was singing with happiness or not
“When the bird sings with a clear, sharp voice it
means the bird is happy and indicates to farmers
that a lot of rain will fall, and vice versa” not
(Luseno et al,. 2003; Mafongoya & Ajayi, 2017)

5 Spiritual manifestations Worship of special deities as gods of harvest
6 Role of Chief and other Farmers believed that chief and other traditional
traditional rulers stakeholders commune with their ancestors and

spiritual beings to give them bumper harvest
(Kolawole et al., 2014; Roudier et al., 2014).
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7 Indigenous  social capital Zunde Ramambo which is a social capital
(collective wealth programme assist in storing foods for distribution to
community members in the time of scarcity. Obatu
yenyi a water reservoir programme in Okpoma
Yala, where the Lutheran Church provides a
reservoir to collect water during rainy season and
open it for use by the entire community to
community during the dry season as a main source
of drinking water (Wuebbles et al., 2018).

8 Trade by barter Practice of exchanging what they have with what
they do not have. This is still practice in Akpabuyo
Nigeria

9 Bush fallowing The practice of shifting cultivation by allowing the

land to fallow before returning to it again.
10 Mulching Use of cover crops

11 Use of under-utilized and Mixed cropping. For instance, use of early maturing
neglected species crops and crops with short season for harvest.

Source: Field survey, 2019

Conclusion

Local people no doubt possess local or indigenous knowledge that have been employed in the
management of climate crisis in Nigeria. There is therefore a need to blend such knowledge
with modern science in order to develop hybrid skills.

Acknowledgement

The authors are anticipating funding from Tertiary Education Fund (TETFUND) Conference
Sponsorship to attend the conference.

References

Bezner, K. R, Nyantakyi-Frimpong H, Dakishoni L, Lupafya E, Shumba L, Luginaah, I and
Snapp, S. S. (2018). Knowledge politics in participatory climate change adaptation
research on agroecology in Malawi. Renewable Agriculture and Food Systems, 33:
238-251

180



Braman, L.M., van Aalst, M.K., Mason, S.J, Suarez, P., Ait-Chellouche, Y. and Tall, A.
(2013). ‘Climate forecasts in disaster management: Red Cross flood operations in
West Africa, 2008. Disasters 37: 144-164.

Jiri, O., Mafongoya, P.L. and Chipo, M, C. (2016). Seasonal Climate Prediction and
Adaptation Using Indigenous Knowledge Systems in Agriculture Systems in Southern
Africa: A Review. University of KwaZulu Natal, Pitermaritzburg, South Africa

Kolawole, O. D., Wolski, P., Ngwenya, B. and Mmopelwa, G. (2014). Ethno-meteorology
and scientific weather forecasting: Small farmers and scientists perspectives on
climate variability in the Okavango Delta, Botswana. Climate Risk Management 4 (5):
43-58.

Lane, D, Chatrchyan, A, Tobin D, Thorn K, Allred S and Radhakrishna, R. (2018). Climate
change and agriculture in New York and Pennsylvania: Risk perceptions,
vulnerability and adaptation among farmers. Renewable Agriculture and Food
Systems 33: 197-205.

Mafongoya, P. L.& Ajayi, O.C. (2017). Indigenous Knowledge System and climate change
management in Africa. The Technical Centre for Agriculture and Rural Cooperation,
CTA, Wageningen, The Netherlands.

Mapfumo, P., Mtambanengwe, F. and Chikowo, R. (2015). Building on indigenous
knowledge to strengthen the capacity of smallholder farming communities to adapt to
climate change and variability in southern Africa. Climate and Development 8: 72—80.

Osterhoudt, S. (2018). Remembered resilience: oral history narratives and community
resilience in agroforestry systems. Renewable Agriculture and Food Systems 33: 252—
255.

Reyes, J., Wiener J, Doan-Crider, D and Novak, R. (2018). Building collaborative capacity:
Supporting tribal agriculture and natural resources in a changing climate. Renewable
Agriculture and Food Systems 33: 222-224.

Roudier, P., Muller, B., d’Aquino, P., Roncoli, C., Soumaré, M.A., Batté, L. and Sultan. B.
(2014). The role of climate forecasts in smallholder agriculture: Lessons from
participatory research in two communities in Senegal. Climate Risk Management 2:
42-55,

Wuebbles, D.J, Fahey, D.W, Hibbard, K. A, DeAngelo, B., Doherty, S., Hayhoe, K., Horton,
R., Kossin, J.P., Taylor, P.C, Waple, A.M and Weaver, C.P. (2018). Executive
summary. In Wuebbles, D.J, Fahey, D.W, Hibbard, K. A, Dokken, D. J, Stewart, B. C
and Maycock, T. K (eds). Climate Science Special Report: Fourth National Climate
Assessment, I: 12-34. Washington, DC: U.S. Global Change Research Program, doi:
10.7930/J0DJ5CTG.

181



Climate-smart agriculture and effects on production efficiency of maize farmers in
Kano and Nasarawa States, Nigeria

R. G. Isonguyo *, D. B. Zaknayiba' and M. O. Kehinde?
'Department of Agricultural Economics and Farm Management,
Federal University of Technology, Minna, Nigeria.
’Department of Agricultural Economics and Farm Management,
Federal University of Agriculture, Abeokuta, Nigeria

(risonguyo@yahoo.com +2348035955945)

Abstract

This study assesses the effects of climate-smart agriculture (CSA) adoption on production
efficiency of maize farmers in Kano and Nasarawa States. The data were collected by
personal interviews of maize farmers drawn in a multi-stage random technique, covering 491
farmers’ household heads in both States. Data were analysed using descriptive statistics,
likert scale, marginal factor productivity (MFP) and econometric method within the
framework of logistic regression. The MFP result shows that the CSA-adopters in both States
were technically efficient, as Kano recorded 1.00 and Nasarawa recorded 1.01. The non-CSA
adopters recorded allocative, technical and economic inefficiencies in the maize production
in both states. The logit result, however, shows that access to credit, extension, educational
level and income significantly and positively influenced CSA adoption at P<0.5 and P<0.1 in
Kano and Nasarawa, states respectively. High cost of inputs was the most severe constraint
to CSA-adoption. This study recommends that maize farmers should join cooperative
societies to enjoy cheaper production cost and increase production efficiency.

Key words: Climate-smart agriculture, production efficiency, Kano, Nasarawa

Introduction

In Nigeria, food insufficiency is a problem as the agricultural practice is subsistence and
climate based with low production output, despite the abundant resources. The sector is
challenged by the climate-change and farmers continuously seek for adaptable farm practices
to maintain productivity. Nigerian policy makers are aware of the vulnerability of the sector
to this change, despite paucity of research data, as it struggles to provide food for the growing
populations, raw materials for processing industries and export crops to generate foreign
exchange. The first evidence of climate change in Nigeria was experienced during the
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1972/1973 drought, which led to the decline in cash crops productions. Although, various
studies have indicated increase in food crop productions over the years, the country is yet to
be self-sufficient. Climate Smart Agriculture (CSA) comprises a wide range of technologies
and practices such as risk, integrated crop-livestock and improved water management
techniques; conservation tillage and agroforestry management, among others (Lipper et al.,
2014 and MccCarthy et al. (2014), aimed at sustaining increased productivity. According to
McCarthy et al. (2012), "SMART", is an acronym derived from the word: specific;
measureable; achievable; reliable and timely. Thus, CSA has proven to be a feasible solution
to combat the effects of climate change. CSA approach aims to address simultaneously and
holistically the multiple challenges of agriculture and food systems, as it helps to avoid
unproductive policies. It is premised on three core principles, such as sustainably increase in
agricultural productivity and income, adaptation/resilience to climate change and greenhouse
gas (GHG) emissions mitigation (FAO, 2013). Although, Nigeria is known to be the tenth
world's producer of maize at about 10.4 million tonnes annually, most of it is produced in
Northern-Nigeria, yet, previous studies did not indicate how the adoption of CSA by the
maize farmers affects the production efficiency in Kano and Nasarawa States. This study
aimed to provide lasting solution to food scarcity by providing empirical data on the level of
awareness and CSA-adoption among maize farmers in Kano and Nasarawa States; estimating
the costs and returns of CSA-adopters and non-adopters; identifying farmers' socio-economic
factors that influence CSP-adoption and the constraints faced during the adoption. Policy
makers are expected to be guided by this information to ensure the achievement of optimum
efficiency through CSA-adoption; investors are guided by such policies in investment
decisions, while the rural small scale farmers will adjust the production resources to improve
maize output, income and themselves. The study indicates need for further studies.

Materials and Methods

The study was carried out in Kano and Nasarawa States in northern Nigeria. Kano State
represents the Sahel Savannah region and is made up of about 20,760 square Km2, with
86,000 hectares of dry-season irrigation farmland (Kano ADP, 2011). The State has 400-
1,200mm average rainfall per annum and temperature range of 14.02°C-32.03°C. Nasarawa
State represents the Guinea Savannah region, which lies in the central part of Nigeria. It
covers about 27,137.8Km? rich fertile soil from the cretaceous sand, silt, iron stones and
shale. It has an average annual rainfall of 1100-2000mm from April to October, but the
traditional farming expose farmlands to erosion, drought and desert encroachment. Primary
data for this study were the maize farmers’ socio-economic characteristics and production
data. Both structured questionnaires and household interview schedule were used to collect
the data between June and September, 2018 from the literate and illiterate farmers,
respectively. The production data included maize annual outputs (kg), inputs, such as farm
size (hectares), maize seed and fertilizer (kg), labour (man-days) and capital (Naira and
Kobo). Multi-stage sampling technique enabled the selection of maize farmers’ household
heads or immediate subordinate with the desired characteristics and 10% of registered sample
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frame, which is 491 (275 CSA and 216 non-CSA) was used as the sample size for the study.
Descriptive and inferential statistics, logit and Marginal factor productivity analysis were
used in analyzing the data. The expected value of the dependent variable Y is interpreted as
the probability that a farmer with certain characteristics X will adopt CSA or not adopt CSA,
and the scored is 1 or 0. Marginal factor productivity analysis determined the influence of
CSA-adoption on maize production efficiency (allocative, technical and economic). The
intensity of the constraints was measured with the use of Likert scale (1 = very serious; 2 =
serious; 3 = not serious; 4 = not a problem and 5 = no response). The results of the analysis
were compared between the two States and presented in Tables.

Results and Discussions

Awareness of climate change, adoption of the CSA in maize production in Kano and
Nasarawa States in Nigeria

Kano State has the highest populations (76% and 92%) of farmers who are aware and
adopted CSA, and those who are neither aware nor adopted CSA in maize production (50%
and 60%), respectively, as shown in Table 1. In Nasarawa State, only 51% and 56% are
CSA-adopters and 50% and 56% are the non-adopters.

Table 1. Farmers level of awareness and adoption of climate-smart agriculture (CSA) in Kano
and Nasarawa States

State LGA Village Number/Percentage of Respondents
Studied Selected Selected Register 10 % Registere 10 % of
ed CSA- Registered d Non- Registered
Adopter CSA- CSA Non-CSA
S Adopters Adopters  Adopters
Kano Dawakint  Dawaki/Mar 760 76 500 50
ofa ke 920 92 600 60
Tofa Ditofa/Tsaku
ma
a Sub-total 1,680 168 1,100 110
Nasarawa Karu Gitata/Uke 510 51 500 50
Keffi Gwata/Sabon 560 56 560 56
b Sub-total 1,070 107 1,060 106
Total 4 LGAs 8Villages 2,750 275 2,160 216
(at+b)

Note:% = percentage; CSA = climate smart agriculture; LGA = Local Government Area:
Source: Field survey (2018)
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Farmers' socio-economic characteristics influencing climate smart agriculture (CSA)
adoption in maize production

The socio-economic characteristics of the farmers studied from the two States are as shown in
Table 2. Majority of the CSA-adopters and non-adopters were males, which indicates
imbalance of gender distribution in the agricultural sector as male farmers are known to own
production assets in Nigeria. The highest percentage of maize farmers from Kano belonged to
the age group of 41-50 years old, which indicates their youthfulness and production abilities.
In Nasarawa State, majority (38%) of the farmers are non-CSA adopters aged 51years old
and above. Average farmer was married, which is one of the characteristic of farmers in
Nigeria. Average CSA-adopters from both Kano (49%) and Nasarawa (46%) States indicate
to have primary school level of education and could understand basic farming principles,
while most non-adopters (83% Kano and 52% Nasarawa) had no formal education, could not.
Majority of them has more than 5 household members, which implied availability of family
labour if they were of productive ages, which could lead to increased maize production. Most
non-adopters (46% and 51%) in both States owned 1.1-2.0 hectares of farm lands and were
small scale farmers. The CSA-adopters from both States have access to extension services
and adopted CSA for high yield. Average CSA-adopters had more than 10 years of farming
experience and 72% of Kano farmers indicated not to have sufficient rainfall, while majority
of Nasarawa farmers indicated to have sufficient rainfall for the maize production.

Socio-economic Determinants of Farmers’ Adoption of CSA in the Study Area

Logistic regression result showing the estimated coefficients of the farmer’s socio-economic
determinants of CSA-adoption and non-adoption in both States are presented in Table 3.
Estimated Pseudo R? for Kano and Nasarawa were 50.5% and 50.4% respectively, while the
significant Log likelihood ratio were 52.0% and 50.9% respectively. These imply that the
exogenous variables in the model jointly explained the decisions of the farmers to adopt CSA
in maize production. Educational level, access to credit, extension and income of CSA-
adopters were significant and positively related to the farmer’s decisions to CSA-adoption at
P<0.01, P<0.05, P<0.1 and P<0.1 for Kano and Nasarawa States respectively. Thus, CSA-
adopters recorded efficiencies, while non-adopters recorded inefficiency throughout the
production process. The CSA-adopters in both States were technically efficient, which is in
agreement with the findings of Onyeneke et al. (2017), where farmers in Nigeria were found
to use creative measures to deal with climate change in crop production. The Z-calculated are
2.61 and 2.83 at 1% level of significance for Kano and Nasarawa respectively, which are
greater than Z-tabulated (1.96). Thus, the hypothesis of no difference between the mean
incomes of both farmers is rejected.
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Table 2. Socio-economic characteristics of the farmers in the study area

Kano State Nasarawa State

CSA Maize NOMCSA T con Maize NOMESA

Adopters Maize Adopters Maize

Adopters Adopters

Variable Freq % Freq % Freq % Freq %
Gender: Male 142 85 92 84 89 83 76 72
Female 26 15 18 16 18 17 30 28
Farmer’s age (yrs): <30 11 65 21 191 14 13.1 13 11.4
31-40 51 30.4 28 255 33 30.8 15 14.3
41 -50 62 37.0 36 32.7 42 39.3 38 36.2
>51 44 26.1 25 22.7 18 16.8 40 38.1
Marital Status: Married 144 85.7 108 98.2 103 96.3 95 90.4
Single 3 18 0 0 1 0.9 2 1.9
Divorced 10 6.0 1 0.9 1 0.9 4 2.9
Widowed 11 65 1 0.9 2 1.9 5 4.8
Educational Level:  Non- 22 131 91 82.7 13 122 55 52.4
formal
Primary Education 83 49.4 17 155 49 458 41 39.0
Secondary Education 31 185 2 1.8 38 355 10 8.6
Tertiary Education 32 190 0 0 7 6.5 0 0
Household Size(No.): 5 64 38.1 72 655 41 38.3 19 18.1
6-10 56 33,3 29 26.4 57 53.3 39 37.1
>11 48 286 9 8.1 9 8.4 48 44.8
Farm Size (ha): < 1.0 21 125 51 464 6 5.6 53 50.5
1.1-20 40 23.8 23 209 55 514 35 33.3
21-3.0 35 20.8 22 20.0 38 355 12 10.5
>3.1 72 429 14 127 8 7.5 6 5.7
Cooperatives ~ Status:  Full 168 100 80 72.7 1007 100 65 61.9
member
Non-member 0 0 30 273 0 0 41 38.1
Sou_rce of Credit: Personal 32 191 91 82.7 39 999 72 68.6
Savings
Loan from Cooperatives 78 46.4 18 16.4 44 411 21 20.0
Loan from Banks 58 345 1 0.9 31 29.0 13 11.4
Extension Services: Has access 168 100 10 9.1 107 100 41 38.1
Does not have access 0 0 100 909 O 0 65 61.9
R_easons for Adoption: High 124 738 2 1.8 58 542 27 25.7
yield
Early maturity 16 95 30 27.3 41 38.3 32 29.5
Pest resistant 28 16.7 78 709 8 7.5 47 44.8
Cropping System: Sole 142 845 61 55.5 76 71.0 42 40.0
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Mixed 26
Farming Experience: Less than

10yrs 42
11-15 years 99
More than 15 years 27
Rainfall (mm): Not sufficient 121
Sufficient 47
Total 168

155
25.0

58.9
16.1
72.0
28.0
100

49
25

37
48
88
22
110

445
22.8

33.6
43.6
80.0
20.0
100

31
22

53
32
23
84
107

29.0
20.6

49.5
29.9
215
78.5
100

64
12

31
63
14
92
106

60.0
114

28.6
60.0
13.2
86.8
100

CSA = Climate Smart Agriculture; Freq = Frequency; % = Percentage; Yrs = years; < = less

than; > = more than
Source: Field survey, 2018

Table 3. Logit Regression Result of the Socio-economic Factors Influencing CSA-adoption

and non-adoption

Variables Kano State
CSA Non-CSA
Adopters Adopters

Nasarawa State
CSP Adopters

Non-CSA
Adopters

Age of farmer 0.0685 (-0.84) 0.0844 (-1.14)**
*

skooksk

(years)

Educational Level .

Household -0.4123 (
Size(No.) 0.81)**

Access to Credit:

Access to 1.9253 (0.6)*™ 1.6234 (-1.17)  1.5177 (0.8)**

Extension * *

Farming 0.0257 (0.41)* -0.0265 (-0.44)  0.0273 (0.39)*

Experience o -

income in Naira 0807 0.07E-04 (0.59) 1.06E-09
(1.72)* (1.65)*

Number observed 168 110 107

Log likelihood -49.238574 -38.538961

LR Chi-square 51.98 ** 50.87 **

Peo > Chi-square  0.0005 0.0004

Pseudo R? 0.5045 0.5038

0.5195 (2.06)* 0.4214 (-1.31)**
*

-0.3543 (-0.29)

0.0511 (-0.71)

skoksk

0,4738 (1.28)

koksk

-0.3317
0.76)**

2.0071 (1.09)* 1.9712 (1.07)™* 2.0082 1.08)*
% k

-0.1392 (-0.53)***

-0.7213 (-1.05)***

03726 (-0.38)

1.8922 (1.06)**

-2.5601 (-1.09)
0.0522 (-0.35)
1.02E-05 (0.33)

105

CSA = Climate Smart Agriculture; Number in parentheses are Z-values; *** = Significant at
1% level of probability; ** = Significant at 5% level of probability; * = Significant at 10%

level of probability
Source: Field data analysis, 2018
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Influence of CSA Adoption on Production Efficiency (allocative, technical and
economic) of Maize Production in the Study Area

The influence of CSA adoption on production efficiency of maize production in the study
area is as shown in Table 4. Marginal Value Productivity (MVP), as the yardstick for
measuring the efficiency of resource use at a given level of production process involves the
comparison of the cost of the inputs and the value of the outputs. In both Kano and Nasarawa
States, the CSA-adopters in maize production recorded allocative, technical and economic
efficiencies, while all the non-CSA adopters recorded inefficiency throughout the production
process. Technical efficiency was observed to be the most efficient for the CSA-adopters in
both States, as Kano recorded 1.00 and Nasarawa recorded 1.01. This implied that the CSA-
adopters were most efficient in the technology used in the maize production, which is in
agreement with the findings of Babatunde & Boluwade (2004), where it was found that
increasing the level of the resources used in crop production can lead to output.

Table 4. Influence of CSAs' adoption on production efficiency (technical, allocative and
economic) of maize in the study area

Production Kano State
Efficiencies
CSA Maize Adopters Non-CSA Maize Adopters
MVP MFC L _MVP mvP MFC . _hvp
MFEC MEC
Allocative 42,870 41,980 1.02 65,450 73,620 0.89
Technical 95,650 94,870 1.00 87,970 99,730 0.82
Economic 139,520 136,850  1.02 153,420 173,350  0.89
Nasarawa State
Allocative 58,960 57,890 1.02 62,310 64,920 0.96
Technical 78,910 77,940 1.01 74,580 76,310 0.97
Economic 137,870 135,830 1.02 136,890 141,230  0.97

CSA = Climate Smart Agriculture; MVVP=Marginal Value Product; MFC=Marginal factor
Cost; r = Efficiency
Source: Data analysis 2018

Both Kano and Nasarawa non-CSA adopters over-utilized the scale, technology and overall
resources management and thus, recorded allocative, technical and economic inefficiencies,
respectively in the maize production. Therefore, for optimal level of efficiency to be attained,
the non-CSA adopters must reduce the amount of resources such as the maize seed, fertilizer,
and agrochemicals by increasing their scale of operation. The labour and farm tools ought to
be reduced, while the overall management has to be adjusted to obtain efficiency. This result
is in agreement with the findings of Ogunniyi et al., (2012) where over-utilization or under-
utilisation of agricultural production resources were found to be attributed to the cultivation
of small farm size and the use of crude farming implement. To increase the maize output,
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more land should be cultivated, which can be achieved if farmers are provided with modern
farm tools and other production resources at affordable prices.

Constraints that limit the adoption of CSA among the maize farmers in the study area

The constraints that limit the adoption of the CSA in maize production in Northern Nigeria is
as presented in Table 5. Majority of the maize farmers indicated high cost of production
inputs to be the most severe constraints that affect the adoption of the CSA in the maize
production in Northern Nigeria. This scored the highest weighted mean (2.64) and was thus,
ranked as the first constraint, while poor transportation problem was recorded as the least
severe constraint, and was thus, ranked as the eleventh.

Table 5. Constraints that limit the adoption of CSA among maize farmers in Northern-Nigeria

Constraints CSA NON-CSA :jNelghte
1 2 3 4 5 Mean  Rank
Fre Fre % % % % %
q q
High costof inputs 275 21 72(33.3) 56(25.9) 43(19.9) 36(16.7) 9(4.2) 264 1
6
Low rainfall 275 21 66(30.6) 52(24.1) 40(18.5) 35(16.2) 23(10.6) 2.32 2
6
Pest and diseases 275 21 51(23.6) 68(315) 33(15.3) 27(12.5) 37(17.1) 2.30 3
6
Lack of sufficient 27 216 54(25.0) 44(20.4) 58(26.8) 22(10.2 38(17.6) 2.26 4
credit 5 )
lack of improved 27 216 60 51 54 38 13 221 5
production 5 (27.8) (23.6) (25.0) (17.6) (6.0)
technology
High cost of labour 27 216 59(27.3) 42(19.4) 55(25.5) 21(9.7) 39(18.1) 2.18 6
5
Low Pricing for 27 216 55(25.5) 48(22.2) 37(17.1) 45(20.8 31(14.4) 217 7
output 5 )
Lack of processing 27 216 49 39 29 66 33 213 8
facilities 5 (22.7) (18.0) (13.4) (30.6) (15.3)
Few Extension 27 216 53(24.5) 45(20.8) 46(21.3) 48(22.2 24(11.2) 2.04 9
contact 5 )
Lack of production 27 216 46 59 49 38 59 1.86 10
subsidy 5 (21.3) (27.3) (15.5) (17.6) (27.3)
Lack of storage 27 216 47(21.8) 53(24.5) 49(22.6) 39(18.1 28(13.0) 0.63 11
facilities 5 )
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Note: CSA = Climate Smart Agriculture; Freq = frequency; % = percentage; 1=Serious
problem; 2= Problem: 3=Not a serious problem; 4= Not a problem; 5=Indifferent; Figures in
parenthesis are percentages
Source: Field survey, 2018

Conclusion

The study of climate-smart agriculture and the effects on production efficiency of maize
farmers in Kano and Nasarawa States in Nigeria revealed that the CSA-maize adopters
earned more net income and were more efficient in the crop production than the non-
adopters. High cost of production inputs, was the most severe constraint to the CSA-adoption.
The farmers were advised to adopt CSA and join cooperatives to benefit from cheaper inputs
and increase efficiency.
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Abstract

Carbon dioxide accounts for almost 70% of human-induced greenhouse gas, thereby making
it the main greenhouse gas driving climate change. It is a known fact that the amount of
carbon prevalent in the atmosphere has reached dangerously high levels. Agriculture,
horticulture and forestry have all been implicated for a third of greenhouse gas emission yet,
these same sectors also hold an enormous potential to reduce emission. Carbon farming is all
effort employed to increase the rate at which carbon is stored in vegetation (stem/trunk,
leaves and root) and in the soil, otherwise known as carbon sequestration. These efforts often
include agricultural practices and land use. Through management and conservation, farmers
can increase the rate at which carbon dioxide is removed from the atmosphere and converted
to organic matter or vegetation. By managing land for soil carbon sequestration, carbon can
be stored in soils for centuries. This article hence explores and highlights the links between
growing crops and climate change and the measures or farming practices that farmers can
employ to actively reduce carbon footprint. We recommend that food production efforts
should be channeled not only in reducing carbon emissions but to also capture and store
carbon.

Keywords: Carbondioxide, carbon-farming, carbon-footprint, greenhouse-gas, climate-
change.

Introduction

Carbon sequestration is the process of capturing and storing atmospheric carbon dioxide. It is
a method of reducing the amount of carbon dioxide in the atmosphere with the goal of
reducing global warming. According to Toensmeier (2014), perennial species will generally
increase the carbon sequestration capability of a system over annual species. Coppice and
biomass systems can sequester 1 — 6 tons/hectare/year, tree crops and bamboo 2 — 28 and 6 —
33 tons/hectare/year respectively, while multistrata agroforestry systems sequester 4 — 40

tons/hectare/year (Toensmeier, 2014).
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Carbon farming is an active response to global climate change. It works to mitigate climate
change by increasing the rate at which carbon is stored in soil organic matter to the point that
it surpasses the rate at which it is being emitted into the atmosphere. This reduction in
atmospheric carbon dioxide has the potential to slow and possibly reverse the current trends
of global warming. Many carbon farming plans include the application of compost to the soil.
When compost or organic matter is added, carbon is being added directly to the soil, some of
which can be stored in stable state (Ryalset al., 2014). Utilizing compost or other organic
matter can also help to avoid methane (CH,4) emissions from the diversion of organic wastes
from landfills or slurry ponds (DeLonge et al., 2013). Increasing soil's carbon content can aid
plant growth, increase soil organic matter, improve agricultural yield, improve soil water
retention capacity and reduce fertilizer use.

Some Carbon Farming Techniques
Conservation Farming

Conservation farming is a sustainable agriculture production system comprising of a set of
farming practices adapted to the requirements of crops and local conditions of each region,
whose farming techniques protect the soil from erosion and degradation, thus preserving the
soil quality and biodiversity. It includes a set of practices which conserve the soil, water, and
soil moisture, enhance fertilizer and seed use, and ultimately assures their highest economic
and social benefits. Conservation farming also entails no-tillage (zero tillage) and minimum
tillage. No-tillage is a method of planting crops without any significant cultivation of the soil,
and often by leaving the previous crop residues on the soil surface as protective mulch. It
basically involves no seedbed preparation other than opening small slits in the soil so that
seed can be placed at the intended depth. There is generally no cultivation during crop
production but chemicals are often used for weed control (Huxley and Van Houten, 1997).
According to Faroog and Siddique (2015), conservation agriculture (CA) or farming is
characterized by minimal soil disturbance, diversified crop rotations, and surface crop residue
retention to reduce soil and environmental degradation. The implication of conservation
farming is more tilted towards conserving carbon within the edaphic ecosystem, as opposed
to conventional agriculture where a lot of tilling is involved thereby releasing inherent soil
carbon into the atmosphere.

Composting

Compost can be simply put as a mixture of organic residues and soil that have been made to
undergo biological decomposition (Huxley and Van Houten, 1997). It involves the biological
decomposition of organic waste such as food or plant material by bacteria, fungi, worms and
other organisms under controlled aerobic (occurring in the presence of oxygen) conditions
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(Tuomela et al., 2000). The end result of composting is an accumulation of partially decayed
organic matter called humus. Composting with worms, also known as vermiculture, results in
nutrient-loaded worm castings. Composting is another effective way to sequester carbon,
storing it in the soil instead of releasing it to the air. This practice has the potential to help
offset carbon footprint associated with agriculture.

Cover Crops/Living Mulch/Green Manure

Living mulch or green manure are cover crops planted either before or with a primary crop
and maintained as a living ground cover during the growing season. Asides controlling soil
erosion, suppressing weed and improving soil structure, cover crops are also essential in
adding to the soil organic carbon pool. Cover crops manage soil erosion, soil fertility, soil
quality, water, weeds, pests, diseases, biodiversity and wildlife in an agroecosystem. Cover
crops are an important soil carbon sequestration strategy (Adeyemi and ldowu, 2017). The
roots and shoots of cover crops feed bacteria, fungi, earthworms and other soil organisms,
which increases soil carbon levels over time.

Organic Mulch

Mulch is a layer of material applied to the surface of soil. Reasons for applying mulch
include conservation of soil, improving fertility and health of the soil, reducing weed growth
and enhancing the visual appeal of the area. Mulch is usually, but not exclusively, organic in
nature. It may be permanent (e.g. plastic sheeting) or temporary (e.g. bark chips). It may be
applied to bare soil or around existing plants. Mulches of manure or compost will be
incorporated naturally into the soil by the activity of worms and other organisms. The process
is used both in commercial crop production and in gardening. Organic mulches decay over
time and are temporary. This source of mulch is even less manual labor since it does not need
to be removed at the end of the season and can actually be tilled into the soil. This way,
carbon is being incorporated back into the soil (Nunez, 2019).

Biochar

Biochar is a stable carbon compound created when biomass (feedstock) is heated to
temperatures between 300 and 1000°C under low (preferably zero) oxygen concentrations
(Verheijenet al, 2009). Biochar can be a simple yet powerful tool to combat climate change
(Adeyemi and Idowu, 2017). Biochar’s ability to impact important properties to soil, such as
raising of soil pH and water holding capacity, attraction of beneficial fungi and microbes,
improvement of cation exchange capacity (CEC), high carbon sequestration ability and
nutrient retention capacity as well as its large surface area makes it a potential remedy to
global warming and climate change (Adeyemi and Idowu, 2017).According to the

193



International Biochar Initiative (IBI), biochar can sequester up to 2.2 billion tonnes of carbon
every year by 2050 and this carbon will remain in soil for thousands of years. As organic
materials decay, greenhouse gases, such as carbon dioxide and methane (which is 21 times
more potent as a greenhouse gas than CO,), are released into the atmosphere. By charring the
organic material, much of the carbon becomes “fixed” into a more stable form, and when the
resulting biochar is applied to soils, the carbon is effectively sequestered (Liang et al, 2008).
According to Woofl et al, (2010), it is estimated that the use of this method to “tie up” carbon
has the potential to reduce current global carbon emissions by as much as 10 percent.

Agroforestry

Agroforestry is a collective name for land-use systems and technologies where woody
perennials (trees, shrubs, bamboos) are deliberately used on the same land-management units
as agricultural crops and/or animals, in some form of spatial arrangement or temporal
sequence (Huxley and Van Houten, 1997). Agroforestry can also be defined as a dynamic,
ecologically based, natural resource management system that, through the integration of trees
on farms and in the agricultural landscape, diversifies and sustains production for increased
social, economic and environmental benefits for land users at all levels (FAO, 2015). This is
a multidimensional way of sequestering carbon.

There are three main types of agroforestry systems:

« Agrisilvicultural systems are a combination of crops and trees, such as alley cropping
or homegardens.

« Silvopastoral systems combine forestry and grazing of domesticated animals on
pastures, rangelands or on-farm.

« Agrosylvopastoral systems involves the integration of all the three elements, namely
trees, animals and crops and are illustrated by homegardens involving animals as well
as scattered trees on croplands used for grazing after harvests.
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Fig. 1: Carbon Cycle

Source: Intergovernmental Panel on Climate Change (IPCC), 2007

Sequestration Potentials of Various Farm Assets
Trees

Trees, like other green plants use photosynthesis to convert carbon dioxide into sugar,
cellulose and other carbon-containing carbohydrates used for food and growth. Trees are
unique in their ability to lock up vast amounts of carbon in their woods and continue to do so
as they grow. At this point, the carbon is decomposed by micro-organisms (subsequently
becoming humus), stored in wood (later used as furniture) or released as CO, when burnt
down. Trees also store carbon in the soil that their roots inhabit and this stays locked away
until the soil is cultivated or eroded. Broadleaf and coniferous woodlands for instance absorb
about 10t COy/hal/year in both soil and biomass (www.farmcarbontoolkit.org.uk). Although
forests do release some CO, from natural process such as respiration, decay and
deforestation, however a healthy forest typically stores carbon at a greater rate than it releases
carbon.

Bamboo

Bamboos are treelike grasses of the family Poaceae, comprising more than 115 genera and
1,400 species. Bamboos are distributed in tropical and subtropical to mild temperate regions,
with the heaviest concentration and largest number of species in East and Southeast Asia and
on islands of the Indian and Pacific oceans. Bamboos are typically fast-growing perennials,
with some species growing as much as 30 cm (1 foot) per day. The woody ringed stems,
known as culms, are typically hollow between the rings (nodes) and grow in branching
clusters from a thick rhizome (underground stem). Bamboo culms can attain heights ranging
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from 10 to 15 cm (about 4 to 6 inches) in the smallest species to more than 40 meters (about
130 feet) in the largest. Bamboo’s fast growth is one of its many attributes which makes it a
useful resource for mankind. It is commonly seen as an indication of a high ability to capture
and sequester atmospheric carbon and consequently mitigate climate change in a similar way
that trees do (www.inbar.int). Bamboo can sequester can sequester 6 — 33 tons/ha/year
(Toensmeier, 2014).

Grassland

Grasslands are areas where the vegetation is dominated by grasses (Poaceae). Grasslands are
characterized as lands dominated by grasses rather than large shrubs or trees. According to
Nunez (2019) In the U.S. Midwest, they're often called prairies. In South America, they're
known as pampas. Central Eurasian grasslands are referred to as steppes, while African
grasslands are called savannas. What they all have in common are grasses, their naturally
dominant vegetation. Grasslands are found where there is not enough regular rainfall to
support the growth of a forest, but not so little that a desert forms. In fact, grasslands often lie
between forests and deserts. Depending on how they are defined, grasslands account for
between 20 - 40 percent of the world’s land area. They are generally open and fairly flat, and
they exist on every continent except Antarctica, which makes them vulnerable to pressure
from human populations. Permanent grassland can mitigate climate change by sequestering
vast amounts of carbon, most of it held in the soil. A 100m length of a 2m permanent grass
margin could sequester over (0.075t) CO,/year.

Soil

The soil is perhaps one of the most remarkable and overlooked carbon sinks that the planet
has. Carbon dioxide is removed from the atmosphere and stored in the soil carbon pool. This
process is primarily mediated by plants through photosynthesis, with carbon stored in the
form of soil organic carbon. Organic matter is over 50% pure carbon, and that carbon has two
fates — either it can become stabilized in the soil as humus, or it can be oxidized into CO,
when cultivated or eroded. Building organic matter levels in the soil require a two pronged
approach. Firstly, by adding organic matter in the rotation in the form of composts, manures
and green manures. Truly sustainable land management will continue to build humus at
varying rates for many years. Rate of sequestration in soil is staggering. 1ha of soil that raises
its organic matter level by 0.1% per year can sequester 900kg (0.9t) CO2/year (Nunez, 2019).
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Conclusion

Carbon footprint is applicable to every item of food as all agricultural and horticultural
operations emit greenhouse gases (GHG); from diesel in tractors, to ruminants belching
methane and the CO; created in plastic manufacture used for all sorts of application on farm.
Reducing the levels of these gases from food production is critical in reducing the effects of
climate change. Farmers and growers are in a unique position in not just being able to
minimize carbon emissions but to sequester (absorb) carbon in the soils and biomass of
farmlands. By carefully managing biomass and soils, farmers and growers can make
informed decisions towards sustainable farming that absorbs more carbon than it emits.
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Abstract

In Nigeria, climate change is seriously threatening agricultural productive activities in rural
communities which are mainly rain-fed. The evidence of the unpleasant impact of climate
change abounds in southeast, Nigeria. These include: increased cases of flooding and
numerous gully erosion sites which have resulted to loss of arable farmlands, farm stead,
economic tree, biodiversity and others. In south-east zone of Nigeria, there have been
observed changes in rainfall regime and decreased yield of some traditional crops as a result
of climate change. Thus, agriculture production systems require adaptation to these changes
in order to ensure the food and livelihood security of farming communities. Adaptation
options that sustainably increase productivity, enhance resilience to climatic stresses, and
reduce greenhouse gas emissions are known as climate-smart agricultural (CSA)
technologies, practices and services. Despite the various benefits of CSA technologies, the
current rate of adoption by Rice farmers is fairly low due to factors such as socio-economic
characteristics of farmers, bio-physical environment of a particular location, and the attributes
of new technologies. Furthermore, the fact that climate risk on agricultural production are
location specific, the identification, prioritization, promotion and demand for available CSA
technologies by Rice farmers are major challenges for scaling out CSA in diverse agro-
ecological zones such as that of South-eastern, Nigeria. This paper sought to investigate the
level of awareness and climate-smart agricultural (CSA) technologies used by Rice farmers in
South-east Nigeria. There is paucity of information with regards to rice production. Hence,
the need for the study. The study determined Rice farmers’ level of awareness and CSA
technologies used by the Rice farmers in Southeast, Nigeria. Three states out of five states in
the region were purposively selected due to dominance of rice farmers in the states.
Descriptive statistics was used to achieve the objectives. The result revealed that CSA
technologies used by rice farmers were energy-smart, water-smart and nutrient-smart
technologies. Farmers were more aware specifically of the following technologies: furrow-
irrigated raised bed planting (2.87); drainage management (2.66); directed seeded rice (2.76);
zero tillage / minimum tillage (2.75); intercropping rice with legumes (2.74); and application
of organic manure (2.55) revealing poor awareness to climate smart agriculture in the study
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area. The study recommended the importance to offer awareness campaigns in order to
improve environmental knowledge and encourage environmental enthusiasm amongst
society. Awareness and knowledge play a major role in the sustainable CSA technology
adoption and use. The findings of this research would be helpful in integrating farmers’ level
of use of CSA technologies with government programs in the study area.

Key words: Climate-smart agriculture, technologies, awareness.
Introduction

Climate change will affect agricultural production through higher mean temperatures
and more frequent weather extremes (Daryanto et al., 2016; Lesk et al., 2016). Higher
variability in crop yields and food prices may increase poverty and food insecurity, especially
in developing countries (Wheeler & Von-Braun 2013; Brown & Kshirsagar, 2015)
Smallholder farmers, who make up a large share of the world’s poor and undernourished
people, could suffer the most (World Bank 2010). Often located in the tropics and subtropics,
smallholders are particularly vulnerable to climate shocks, and they are usually also ill-
equipped to cope with risks (Vermeulen et al. 2012). Agriculture in developing countries
must undergo significant transformation if it is to meet the growing and interconnected
challenges of food insecurity and climate change (FAO, 2010). Deforestation and unplanned
land-use change triggered by increasing extraction of the natural resource base have increased
people’s vulnerability to the impacts of climate change and variability (Antle, 2009;
Gwambene, 2012; CCAFS, 2014). The demand for food, fiber and fuel results in biodiversity
loss and decline in the productive capacity of ecosystems, which have negative implications
on food security and income, especially to the rural poor (Nyanga et al., 2011; IDB, 2014).

In Nigeria, particular threats are posed to agricultural production arising from changes in
rainfall patterns which has resulted to increased desertification in the Sahel region and
flooding in the southern part of the country (Spurgeon, Wasilewski, Ikpi & Foster, 2009). In
South-eastern, Nigeria, Ozor and Nnaji (2011) identified that the most significant impacts of
climate change experienced by rice farmers are; soil erosion, lack of portable water for
human consumption and livestock use, loss of vegetation/pastures, intense weed growth,
incidence of pests and diseases distortion and destruction of wildlife ecosystems, decrease in
soil fertility and health related issues of climate change which can affect production, drudgery
and stress from heat. According to (Enete, Madu, Mojekwu, Onyekuru, et al., 2011), the
biggest effect of climate change in the geopolitical zone include reduced farm yield and
income, drying up of streams/rivers, reduction in storage quality of rice crops, loss of
pastureland/vegetation and destruction of wildlife ecosystem. They noted that these effects
are likely attributable to the fact that zone in view has a drier weather; being closer to the
North, and hence has inherent insufficient rain water for maximum crop yield.

The challenge of rapidly boosting productivity is compounded by the current and
expected impacts of climate change. Changes to precipitation and temperature, especially in

200



marginal areas, are expected to reduce productivity and make production more erratic (Cline,
2008; Lobell et al. 2008; Boko, et al. 2007). Sub-Saharan African countries in particular are
most at risk: resources for adaptation are scarce, temperatures are already close to or beyond
thresholds at which further warming reduces vyields, and agriculture forms a larger share of
national economies than elsewhere in the world (Cline, 2008). Agriculture, which accounts
for nearly 14 percent of greenhouse gas emissions, also contributes to climate change (IPCC
2007). The good news is that agriculture can be integrated into the solution to reduce the pace
of climate change by sequestering carbon in the soil instead of emitting it into the
atmosphere. It is possible to achieve what the World Bank (2010) terms “climate-smart
agriculture” or “triple wins”: attaining higher yields, placing more carbon in the soil, and
achieving greater resilience to heat and drought.

A proposed means to achieve this is increased adoption of a ‘climate-smart agriculture’
(CSA) approach (FAO, 2010). Developing appropriate and feasible climate-smart and
climate-resilient agricultural practices is perceived to reduce hunger and improve food
security and income (CCAFS, 2014). Transforming existing agriculture systems into climate-
smart systems to negate the impacts of climate change, is necessary in order to address these
emerging and unavoidable challenges (CCAFS, 2014). The important option is to build
sustainable food systems, improve productivity and income of smallholder farmers especially
rice farmers. Agricultural intensification through improved technologies needs to consider
farmers’ level of awareness and use to new (Haule et al., 2010, Coulibaly et al., 2015) which
motivated the study. Various studies (Palanisami, Kumar, Malik, Raman et al., 2015;
Campbell, Cheong, McCormick, Pulwarty et al., 2012; Below, Mutabazi, Kirchke, Frank et
al., 2012; Deressa, Hassan & Ringler, 2011) focused on the benefits of CSA technologies and
Willingness to pay for CSA use, little or no study assessed awareness level and use of
comprehensively agglomerated CSA technologies specifically in South-east, Nigeria.

Considering the adverse effects of climate change in South-east, Nigeria, the application of
CSA technologies by rice farmers in their production activities may be the solution envisaged
for food production deficits arising from climate change. Although, some traditional practices
carried out by rice farmers could be termed ‘climate smart’, but then, there are some other
innovative technologies/practices that rice farmers may not be aware of that which promotes
the three pillars of CSA. Based on this premise and considering the fact that CSA may be a
new concept to rice farmers in South-east zone of Nigeria, this study will address the
following research questions: are rice farmers aware of CSA technologies and which CSA
technologies do they use in their Rice farming activities?

Materials & Method

The survey was conducted in southeast agro-ecological zone of Nigeria. Southeast is
located between latitudes 04°17° N and 07°06° N and longitudes 05°23 E and 09°28” E
(Macmillan, 2009). The area comprises the geographical location of five states namely Abia,

Anambra, Ebonyi, Enugu, and Imo. The climate of southeast Nigeria is generally tropical
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with two clear identifiable seasons: the wet and dry seasons with average highest annual
rainfall at 1952 mm and temperature pattern-mean daily and annual temperature at 28 and
27°C, respectively (Igbokwe et al., 2008). It is primarily an agricultural zone with sandy,
mostly loose and porous soil, hence its vulnerability to climate change. Three States namely
Anambra, Ebonyi and Enugu states out of five states were purposively selected because of
the dominance of rice farmers in the states. Having provided the list of rice farmers by the
Agricultural development Programme (ADPs) in the purposively selected states, Yamane’s
formula of population size determination, 349 rice farmers constituted the population for the
study.

Interview schedule was used to collect data from the respondents which addressed issues
such as farmers’ level of awareness of CSA technologies and the CSA technologies used. The
instrument was validated by two experts, one from the Department of Agricultural
Economics, University of Nigeria, Nsukka and one from Department of Agricultural
Economics and Extension, Nnamdi Azikiwe University, Awka. Descriptive statistics was
used to achieve the objective.

Result and Discussion

Table 1: Rice farmers’ level of awareness and CSA technologies used by the farmers in
Southeast, Nigeria.

Awareness parameters Standard deviation Mean Remark

Water-smart technologies

Rainwater harvesting 0.767 0.49 Reject
Drip irrigation 0.566 2.13 Reject
Cover crops method 0.891 2.24 Reject
Furrow-irrigated raised bed planting  0.369 2.87 Accept
Drainage management 0.211 2.66 Accept
Directed seeded rice 0.479 2.76 Accept
Systems of rice intensification 0.643 0.43 Reject
Sprinkler irrigation 0.800 1.42 Reject

Energy-smart technologies

Use of solar pumps 0.398 1.09 Reject
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Zero tillage or minimum tillage 0.435

Nutrient-smart technologies

Mulching 0.719
Application of green manure 0.972
Integrated nutrient management 0.000
Leaf color chart 0.536
Intercropping rice with legumes 0.653
Application of organic manure 0.780

Weather-smart technologies
Crop insurance 0.913
Weather based crop agro-advisories  0.715

Climate information (seasonal and in 0.929
season)

Knowledge-smart technologies

Improved rice variety that is flood 0.840
tolerant

Mixed farming 1.188
Adjusting planting dates 1.134
Crop diversification 1.069
Contingent crop planting 0.679

Carbon-smart technologies

Agro-forestry 0.818
Integrated pest management 0.780
Bio-gas 0.144

2.75

1.59
2.21
0.00
0.42
2.74

2.55

1.41
0.03

1.51

2.10

1.91
1.70
2.19

0.46

1.44
0.96

0.02

Accept

Reject
Reject
Reject
Reject
Accept

Accept

Reject
Reject

Reject

Reject

Reject
Reject
Reject

Reject

Reject
Reject

Reject

Source: Field data survey, 2020.

Twenty seven CSA technologies/categorical options as sub units were given in the same
order throughout the survey in a consistent manner and options provided were just three,
namely: “very much aware/moderately aware and slightly aware”. Rice farmers were
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informed to choose only one level of the options provided. This group of options tested the
rice farmer’s awareness with reference to improved CSA technologies. From the result, the
response of 77.7% of the Rice farmers were rejected because they were less than the mean
cut-off point of 2.5 while the response of the rest of the Rice farmers (22.2%) were accepted
as their mean score met the cut-off point aforementioned. Rice farmers were more aware with
the following CSA technologies (mean score in parenthesis): furrow-irrigated raised bed
planting (2.87); drainage management (2.66); directed seeded rice (2.76); zero tillage /
minimum tillage (2.75); intercropping rice with legumes (2.74); and application of organic
manure (2.55). The result conforms to findings of Olorunfemi, Olorunfemi and Oladele
(2020) who reported that extension agents in South West Nigeria were more involved in
disseminating nutrient smart and tillage smart initiatives which are use of organic manuring,
use of herbicides and Zero tillage or minimum tillage. The result is in contrast with the
findings of Arun et al. (2017) who reported that maize farmers in India were aware and
preferred crop insurance, rainwater harvesting, weather based crop agro-advisories and
contingent crop farming. The study revealed poor awareness to climate smart agriculture by
rice farmers in Southeast, Nigeria. Reasons for poor awareness may possibly be linked to the
sectors saddled with such responsibilities. Dissemination of new technologies in developing
countries is done jointly by the public and private sector (Wolf et al. 2001). Farmers receive
information or are aware of new technologies from agricultural media, commercial vendors,
cooperative extension, and commodity associations. Frequently media processes information
obtained from cooperative extension. Different sources of information have varying degrees
of reliability while also highlighting different aspects of some technology (Just et al. 2002).
In many developing countries especially vulnerable to climate change, the knowledge
dissemination system may be lacking. For example, the private sector may not invest in
distribution networks, extension services may be understaffed and underfunded, and access to
information from media may be limited. Frequently, the introduction of new technologies
will require the development of a dissemination system. Dissemination cum awareness will
improve with investment in extension services and a communication network. The
implication of Rice farmers’ awareness to rice production is that there would be improvement
in terms of sales and ease in climate friendly rice production as well as increased output.

Conclusion and Recommendations

This study provides insight into the level of awareness and climate smart agricultural
technologies used by rice farmers in Southeast Nigeria. Farmers’ level of use may differ
based on prevalent climate conditions and ability to use the technology. The study found that
rice farmers in Southeast Nigeria used CSA technologies such as energy-smart, water-smart
and nutrient-smart technologies. The level of use may be affected by technologies readily
available to them. The findings showed poor awareness to climate smart agriculture in the
study area. This result suggests that farmers need to be educated on the many CSA
technologies available to them and their anticipated benefits. To make further buttress, the
United Nations Food and Agricultural Organization (FAO) estimating that by 2050,
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agriculture will need to produce 60 per cent more food globally, and 100 per cent more in
developing countries, if it is to meet demand at current levels of consumption. Food demand
needs to be met primarily from productivity increase on existing agricultural land since
opening up new land for agriculture carries major environmental costs. Hence, supporting the
transformation to more sustainable production practices is a prerequisite for sustainable
development. Agriculture and food systems at every scale, from the farm to the global, have
to improve and become more efficient in resource use (use less land, water and inputs to
produce food more sustainably together with reducing food loss and waste) to meet the future
challenges. To achieve this they also need to adapt to climate change and natural resource
pressure, and contribute to mitigating climate change in which awareness of CSA
technologies poses a strong foundational prerequisite. The study therefore recommended that
extension agents need to be involved to expose the rice farmers to the need to use weather-
smart, knowledge-smart and carbon-smart technologies in order to contribute to mitigating
climate change. Government policies aimed at promoting CSA technologies should focus on
site-specific technologies that are appropriate to the rice farmers. The findings of this
research would be helpful in integrating farmers’ level of use of CSA technologies with
government programs in the study area.
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