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Abstract

This study explored the complex challenges of achieving food security in Northeast Nigeria.
The study employed a system thinking approach to identify interventions to achieving
sustainable food security, biodiversity, and income and employment opportunities. To
achieve its objectives, the research gathered primary data from 375 randomly selected
households using questionnaires, organized six focus group discussions on the
effectiveness of agricultural policies, and conducted stakeholder consultations to
comprehend the intricate interactions and feedback within the food system. The data
analysis employed both qualitative and quantitative methodologies. The Dietary Diversity
Score (DDS) was employed to capture the food security of households. The study harnessed
system thinking analysis, and causal loop diagrams to explore and unearth potential
pathways towards sustainable food security. It also identified effective policies, such as
promoting organic farming, mixed cropping, and providing credit and labour subsidies to
small-scale farmers, which enhanced food access, biodiversity, income, and environmental
benefits. The study identified that Cereal (98.4%), white roots and tubers (96.3%), and oil
and fat (91.5%) constituted the most consumed food groups. In contrast, eggs (15.2%),
organ meat (23.5%), milk and dairy products (21.9%), and flesh meat (34.1%) were
consumed less, highlighting the issue of hidden hunger in the region. Causal loop diagram
unveiled agrochemicals, food harvest, monocropping, and mixed cropping as root drivers
of the food system, with key outcomes being biodiversity, food security, income, farm
labour, and soil quality. Traditional and indigenous knowledge emerged as crucial in
preserving biodiversity and a sustainable food system. Recommendations include
addressing protein and micronutrient gaps, re-evaluating monocropping and food
industrialization policies, supporting mixed cropping through labour subsidies, and
promoting forest growth.
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Chapter 1: Introduction
1.1 Background to the Study
At the global level, agricultural productivity has increased greatly in recent years (FAO,

2018a). However, the need for sustainable agriculture came as the productivity increase
came with high social and environmental costs, including soil degradation, water scarcity,
biodiversity loss, ecosystem stress, decreasing forest cover, and increased greenhouse gas
emissions (FAO, 2018a). To achieve the sustainable development goal of food and
nutritional security, there is need for the food system to be socially just, and the
environment managed sustainably (Capone et al., 2014; El Bilali et al.,, 2022). Hence,
agricultural programmes should aim not only to ensure food security, but doing so in a
sustainable manner as emphasised in the second United Nations Sustainable Development
Goal (SDG2). Specifically, SDG2 recognizes the interdependency and linkages among food
security, sustainable agriculture, empowering smallholder farmers, ending poverty and
promoting healthy lifestyles. Achieving the SDG2 of food security will be a great challenge
to Nigeria given the enormous economic difficulties the country is facing (Food Security
Information Network, 2018). Nigeria has been experiencing prolonged economic
challenges as a result of insurgency, climate extreme events, and heavy reliance on delicate
and diminishing natural resources e.g., crude oil. Nigeria is a net food importer and an
exporter of natural resources, making the country vulnerable to international food prices

instability (Eboh, 2018; Thibiebi, 2018).

One in three people worldwide are malnourished, and the FAO (2018e) estimates that 815
million people are undernourished, which is as a result of a failing food system. From 2019
to 2020, there was a rise in the undernourishment prevalence, from 8.0 to 9.3% of the total
population, and in 2021, it grew t0 9.8%. In 2021, hunger impacted about 702 to 828 million
people (AFAO 2022b). Since the COVID-19 pandemic outbreak, the number of people
affected by hunger in the world has increased; between 2019 and 2020, it increased by 103
million, and in 2021, it increased further by 46 million (FAO, 2022b). According to Care
(2023), 4 in 5 Nigerian homes are food insecure, accounting for 80% of Nigerian
households, and 20% of the food insecure households are severely food insecure, going an
entire day without food. Care (2023) puts the number of people in Nigeria that are

expected to suffer from acute food insecurity in 2023 at over 25 million.



In Northeast Nigeria, in Borno State alone, live about 400,000 severely malnourished
children, and Yobe State has 4.3 million children (under the age of 18) in need of urgent
humanitarian assistance (UNICEF, 2018). UNICEF, in January 2017, announced that about
240 children were expected to starve to death daily in Nigeria (FSIN, 2017). This amounts
to 90,000 children dying in a year due to hunger. In the same year (2017), the UN warned
that at least 1.5 million people were expected to die in Nigeria due to starvation, also that
5.1 million people will face serious food shortages. Care (2023) estimated the number of
acutely malnourished children to be 2 million children in the Northeast states during the
lean period of 2023. This represents about 15% increase from the 1.74 million acutely
malnourished children in December 2022. The widespread poverty and unemployment,
especially among the youths, call for a practical means of combating food insecurity in
Nigeria. Poverty limits the ability of households to purchase the necessary balanced diet.

Consumption of few varieties of food is also a problem to achieving nutrition security.

In response to critical issue of food insecurity in Nigeria, which prompted the declaration
of a state of emergency on the 14™ of July 2023. On this matter, the government has
introduced a comprehensive intervention plan aimed at achieving food security,
sustainability, and affordability (Care, 2023). This action plan is derived and aligned to the
Agricultural Promotion Policy (APP) and National Agricultural Technology and Innovation
Policy (NATIP) for the achievement of food security. This plan consists of 12 specific action
points, two of which are directly directed towards farmers, and they are: distribution of
fertilizers and grains, and the enhancement of security measures for farmers. The
remaining action plans include the following:

1. Promoting year-round farming and irrigation through collaboration between
the Ministry of Agriculture and water resources,

2. Establishing a national commodity board for assessing prices and managing

strategic food reserves,

Expanding the Central Bank's role in financing the agricultural value chain,

Initiating the cultivation of 500,000 hectares of land and river basins for

continuous farming,

Providing concessional funding to support the agricultural sector,

Improving transportation and storage facilities for agricultural products,

Increasing agricultural export earnings,

Collaborating with customs authorities to facilitate trade,

Reducing unemployment and generating employment opportunities in the

agricultural sector, and

10. Ensuring that every Nigerian has access to affordable food (Care, 2023).
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It is important to note that these key actions, as well as previous agricultural policies, have
primarily focused on addressing obstacles related to physical and economic access to food,
including lack of storage facilities, access roads, low income and flood control. However,
little or no attention has been given to the nutritional aspects of food production, and food
security, which are crucial in combating malnutrition. These policies have concentrated on
increasing the quantity of food available without considering the nutritional quality and
adequacy of the food accessible to the population. Even less attention is given to the
importance of biodiversity and inclusion in the intervention processes. To achieve food
security, the policies have paid little attention to traditional food crops like cocoyam,
cassava, fruits, and vegetables, especially those from the wild. Hence, the policy strategies
for achieving the food security objectives were not focused on producing food crops and

animals that could increase access and availability to diversity of food for households.

Biodiversity is important for continuing provision of food varieties, and biodiversity and
food security are linked in many ways. It is well documented that biodiversity provides the
pool for sourcing diverse food production (Child, 1996; Cramer et al., 2017; 20113;
Tscharntke et al., 2012). Agrobiodiversity constitutes the biodiversity of the agroecology,
from the different species to the different breeds and varieties within species (Frison,
Cherfas, Hodgkin, et al., 2011). Because there are strong linkages between food systems
and food security (Frison, Cherfas, Hodgkin, et al., 2011), sustainable food system policies
and interventions should be based on thorough and holistic analyses. A sustainable food
system is a system that will not only ensure long-term food security, but sustainable
development through inclusive employment and income for the vulnerable, reduced food
miles, a resilient food system and balanced food trade in Nigeria. Hence, crop and animal

diversity need to be the emphasis for sustainable agriculture policies.



Table 1.1 Government funded agricultural policy projects and programmes in Nigeria since 1960

Agricultural projects and programmes | Date Focus

Farm settlement and plantation | 1960 Establishment of agricultural communities to boost food production and provide

programme- FSP employment. It focused on settling young farmers on farmlands where they could
live and farm, thus promoting agricultural development and community living.

Operation Feed the Nation - OFN 1976 Encouraging self-sufficiency in food production through mobilization of resources,
provision of inputs, and technical support to farmers. OFN's goal was to increase
food production across the country by encouraging, not just farmers, but everyone,
including students, civil servants, and military personnel, to engage in farming
activities.

Agricultural Development Project -ADP | 1976 Implementing integrated agricultural development programs at the state level to
enhance productivity, income generation, and rural development. Implemented to
support small-scale farmers through the provision of inputs, extension services, and
infrastructure to increase agricultural productivity and improve rural livelihoods.

Agricultural Credit Guarantee Scheme - | 1977 Facilitating access to credit for farmers and agribusinesses by providing guarantees

ACGS to financial institutions against risks associated with lending to the agricultural
sector. Aiming to encourage banks to lend to farmers by reducing the risk associated
with agricultural financing.

River Basin Development Programme- | 1978 Development of water resources for irrigation, flood control, and agricultural

RBDA expansion in river basins to improve agricultural productivity and livelihoods.

Rural Banking System-RBS 1978 Establishing banking services in rural areas to enhance financial inclusion, access to
credit, and promoting economic activities in rural communities.

Green Revolution - GR 1980 Introducing modern agricultural techniques, improved seeds, and technologies to
increase agricultural productivity and food security

Directorate for Food, Roads and Rural | 1986 Infrastructure development in rural areas, including roads, bridges, and storage

Infrastructure - DFRRI facilities, to support agricultural production and rural livelihoods.

Better Life for Rural Women Programme | 1987 Empowering rural women through skill development, access to resources, and

(Now women Commission,

support for income-generating activities to improve their livelihoods.




Community Banking Programme-CBP 1990 Establishing community-based banking institutions to provide financial services
tailored to the needs of rural communities, including farmers and small businesses.

National Agricultural Development Land | 1991 Facilitating land acquisition, allocation, and management for agricultural purposes

Authority- NADLA to promote sustainable land use and agricultural development.

Family Support Programme - FSP 1992 Providing social welfare support to vulnerable rural households to improve their
living standards and resilience to economic shocks.

Family Economic Advancement | 1994 Promoting economic empowerment and poverty reduction among rural families

Programme-FEAP through skills training, access to credit, and income-generating activities.

National Special Programme for Food | 2001 Enhancing food security through targeted interventions in areas such as crop

Security-NSPFS production, livestock development, and food processing.

Agricultural Transformation Agenda | 2010 Implementing strategic reforms and initiatives to transform the agricultural sector,

(ATA) increase productivity, and promote agribusiness development.

Agriculture Promotion Policy (APP) 2016 Providing a comprehensive framework for promoting agricultural development,
investment, and competitiveness in Nigeria's agricultural sector.

National Agricultural Technology and | 2022 Promoting the adoption of modern technologies, innovation, and research in

Innovation Policy (NATIP)

agriculture to improve productivity, sustainability, and competitiveness.

(D’Silva & Raza, 1980; Ecker et al., 2018; Jerome, 2015)




Despite various interventions and programmes by the Nigerian government (see Table 1)
to ensure food security, large segments of the population of the country still live in hunger
and below the poverty line, especially those in the North East region (Ambali & Murana,
2017; Nwozor & Olanrewaju, 2020). Studies have shown that changes in policies have
always only reflected a change in the framework design and characterisation and not
changes in the structure or implementation of the strategies (Ambali & Murana, 2017;
Iwuchukwu & Igbokwe, 2012). These studies noted that these policies had a similar
objective - to achieve food security and increasing agriculture earnings through exports.
D'Silva and Raza (1980) noted that while the Agricultural Development Project (ADP) aimed
at generating income for local farming households, particularly targeting small-scale
farmers, it predominantly focused on large-scale agriculture. This emphasis was evident in
the distribution of extension service visits, where large-scale farmers received 60% of the
attention from extension agents. As with the NATIP, Ecker et al., (2018), also noted that
the immediate past, Nigerian Agricultural Transformation Agenda (ATA) and the
Agriculture Promotion Policy (APP) were still geared toward commercialising agriculture to
improve export through crop and animal production specialization. These studies
evaluated the achievements of the various agricultural policies in achieving more food
production for food security and income earning. Available studies have done very little in
exploring how these policies and programmes aligned with the different aspects of food
security and the distribution of income in view of the sustainable development goals. More
importantly, the studies have very little focus on the relationships and effects of these
policies and programmes on the complex and dynamic food system that produce the food

security in the face of sustainability problems.

Nigeria agricultural policies have been promoting the production of fewer crops, while the
need for a more diverse mix of crop production systems may be required to address the
food and nutrition security objectives. Against the culture of mixed cropping in Nigeria,
studies have shown that the use of agrochemicals and monocropping encouraged by past
policies have resulted in increased use of hired labour and purchase of costly inputs, which
may have led to high input cost and less profitable farming for the smallholder farmers
(Braun, 1991; Jacques & Jacques, 2012; Majeed, 2018; Pingali, 2012; Von Braun, 1995). The
impacts of monocropping and its commercialization processes on soil nutrient and water

have not been well documented. Monocropping and the use of Agrochemicals and tractors
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have always presented a system of cropping that gives farmers the greater gains in terms
of maximum output with least input cost that comes from economies of scale. It is expected
that the food need and good landscape aesthetic effect of increasing population will be
catered for through this kind of production system. This may be true if resource limits are
considered an externality in the food system. It may also be relevant, if farmers in Nigeria
owned or cultivated large expanse of land. The fact that Nigerian farmers cultivate an
average of 0.5 hectare of land makes it less feasible to make profit through economies of

scale.

However, Jacques and Jacques (2012) noted that loss of biodiversity resulted from the
political and epistemological economy condition of Green Revolution with its economy of
scale, high yielding varieties and export focus. The Green Revolution neglected the diverse
varieties that may not have the same yield, but can withstand the pests and diseases, and
changing climate conditions (Pattanayak et al., 2023; Saladino, 2022). How chemicals, farm
machines and very simplified food systems are affecting habitats, living organisms in the
soil like earthworms, and those living above the soil like bees, biodiversity and
consequently dietary diversity is, obviously, underrepresented in the literature and
discussion (Center for Biological Diversity Newsroom and Friends of the Earth, 2021;
Fritijof, 2002; Hallmann et al., 2017; Jacques & Jacques, 2012). Due to conflict with those
with vested interests and those of human health and environmental sustainability activists,
the problem of the right farming system for the benefit of human health and environmental
sustainability will remain a political issue (Chappell & LaValle, 2011; Lang & Heasman,

2004).

Food access may be a supply problem which cannot be solved by producing more food.
Food access is a critical component of food security: encompassing not just the availability
of food, but also the ability of individuals to obtain it bordering on the theory of failure of
the exchange entitlement. Fritz (2011) argues that food access issues may not necessarily
be resolved by merely increasing food production. This perspective invites a deeper
exploration of the various dimensions of food access and the factors that influence them
(Fritz, 2011). Hence, the focus of food and agricultural policies should not only be on
qguantity but also types of food supplied and food distribution within the system. Food

system sustainability should concern us the more, given the problem of rising food related
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non-communicable diseases, micronutrient deficiency, malnourishment, and obesity. The
question is “How is monocropping contributing to this problem?” (Chaudhary, 2019; de
Oliveira Otto et al., 2018; FAO, 2022; Food Research and Action Center, 2015; Kaur &
Kaur, 2016). The problems of poverty and inequality vicious circle in the food system has
also showed the effects of production system on social justice (Von Braun, 1995).
Monocropping in the middle of sustainability should not only be scrutinized for its ability
to produce food in large quantity which can also be achieved using the excess labour from
the increasing population, especially in developing countries. There is need to evaluate this
monocropping system for environmental sustainability, due for the loss of biodiversity
(Jacques & Jacques, 2012). “How is monocropping contributing to the ever-growing wealth
gap?” (Braun, 1991; Von Braun, 1995; von Braun, 2003). It should worry us how we keep
producing more food and still have many nutritional problems. We may also think about
the simplified diets and our complex nature as humans, and the complex diseases surfacing
over time. Is a human able to sustain himself through what science and technology is
producing such as: food, drug, vaccine, and artificial environment, even though there are

many things science is still working to understand?

Similar to how the Common Agricultural Policy (CAP) of the European Union overlooked
small farmers, compelling them to either consolidate or cease farming operations ( (Fritz,
2011) Pg 31), Nigerian agricultural policies also view small-scale farms and farmers as
hindrances to development. This perspective is evident in various Nigerian agricultural
policy frameworks, including the Agricultural Promotion Policy (APP) and the recent
National Agricultural Transformation Implementation Plan (NATIP) (Care, 2023). The shift
to cash crop production in many developing countries cannot offset the burden of food
import for the citizens (Fritz, 2011). Imported foods often go to the urban consumers. This
takes a lot from the national food budget and so, leaves little budget for the support of
small farmers for domestic food production. This means that the policies supporting the
production of cash crops and farm commercialization through input subsidies may not be

able to solve the problems of food security in the world but deepens import dependency.

Fritz (2011) claimed that by subsidizing inputs cost for the large farms, agricultural policies
depressed food price and income of the small farmers. This support will favour the

production and consumption of a few types of crops. So, the changing eating habit which
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may have contributed to the rise in non-communicable disease may be the emergence
from the intervention in the food system over the years. If the policies supporting and
feeding this food to consumers is not checked to give the indigenous diversity of food a
chance in the farms, then human health and the natural environment may continue to

degrade.

The dominant world capitalist system underpinning monocropping has worked to
maximize productive forces that produce large quantity of food to maximise profit at the
expense of other production systems that maximize resilience, traditional meaning,
nutrition, taste, and other values. The consumption of traditional foods, which are
produced locally, eaten as unprocessed or minimally process food is important for
sustainability and the economy of the smallholder farmers. There is need for rich nutrients
and variety of food produce in the human diet. According to FAO (2019a, 2022b) and
research conducted by Makate et al., (2016) and Mango et al., (2018), it was demonstrated
that the cultivation of diverse crops and increased biodiversity in ecosystems have a
positive influence on the income of small-scale farmers and contribute to enhancing food

and nutrition security.

Studying the interdependence of food security and food system will shed light on the
relationship between farm level activities and other aspects of the food system and linking
these activities to their outcome which is food security. Exploring how food security can be
achieved through sustainable food systems will reveal the outcome of food production and
dietary choices on the environment, society, and economy. Studying the interdependence
of food security and the food system is essential because it illuminates the connections
between farm-level activities and other aspects of the food system, linking these activities
to their goal which is food security. By exploring how food security can be achieved through
sustainable food systems, we can understand the impacts of food production and dietary
choices on the environment, society, and economy. This comprehensive approach helps
identify sustainable practices that balance production needs with ecological and social

well-being.



Studies on the food system need to be more participatory, transdisciplinary, or
multidisciplinary, and focus more on the interactions between the different elements of

the system.

Participatory Research: Engaging farmers, consumers, policymakers, and other
stakeholders ensures that diverse perspectives and local knowledge are incorporated into
the study. This leads to more practical and acceptable solutions that are likely to be

adopted and sustained.

Transdisciplinary Approaches: Integrating insights from various disciplines such as
agriculture, ecology, economics, sociology, and public health provides a holistic
understanding of the food system. This approach helps in addressing complex issues that

cannot be solved by a single discipline.

Multidisciplinary Focus: Examining the interactions between different elements of the food
system- such as production, distribution, consumption, and waste management enables a
comprehensive analysis of how these components affect food security. This helps in

identifying leverage points for intervention and improvement.

In essence, a collaborative, integrative, and holistic approach is crucial for developing
effective strategies to achieve food security through sustainable food systems. This will
ultimately contribute to a more resilient and equitable food system that benefits the

environment, society, and economy.

1.2. Problem Statement
Food security of households in Nigeria has in most cases been estimated using secondary

data on income and calorie, and anthropometric measures like, stunting, underweight and
wasting ((Akinyele, 2009; Kemi et al., 2014; Owoo, 2020; Ozughalu & Ogwumike, 2013).
Ecker et al (2018), have raised serious concern over the suitability of Nigeria food security
secondary data. Primary data on calories, income, and expenditure have been adopted by
researchers at state and local government levels a proxy for food security (Ahungwa,
Umeh, & Muktar, 2013) A limited number of studies in Nigeria have used more direct

measures of food security like the Household Food insecurity access score (HFIAS), Food
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Insecurity Coping Strategies Index (CSI) and Dietary Diversity Score (DDS). Adewumi and&
Animashaun (2013) used the DDS as a measure of food security of households in Kwara in
southern Nigeria in studying the correlation between DDS, income, and farmers technical
efficiency. Olaniyi (2014) used both DDS and HFIAS in measuring the level of food insecurity
in Lagos, a southern Nigerian state. Paramount to achieving a food secure society is a
proper measurement tool and reliable data for monitoring of food security, and this can be

achieved by using the correct measurement and data.

Food security research has focused on measuring the status of food security and hunger at
the different levels of society. However, there is little research into the linkages between
food security and food systems and the importance of crop diversity in achieving food and
nutrition security. The complex relationship within the food system which can be explored
for sustainable development has had little attention from researchers, though it is
considered very important in the fight against food system collapse and food insecurity

(FAO, 2022b).

Despite the alarming food insecurity in Northeast Nigeria, published works on food security
in the north have not covered the states in this region. The FAO calorie intake and food
expenditure method in measuring the level of food insecurity has been used in capturing
food insecurity in North central, Nigeria. Ahungwa et al., (2013), and Ike, Jacobs, & Kelly
(2017b) worked on food security status of households of Taraba State which is in the
Northeast. Though the work by lke et al (2017) which adopted the DDS, HFIAS and CSI shed
light on food security in Taraba state, it did not cover the entire Northeast and did very
little on food system linkages. Also, there is little or no research on the linkages of food
security and food system in Nigeria. There is a gap in literature on the effects of food

production practices on food security and environmental sustainability in Nigeria.

Available literature has shown that there is need for a comprehensive assessment of food
security situation in Northeast Nigeria using a tool that can produce reliable empirical
evidence. There is a dearth of research on food systems and food security interaction,
looking at the role of traditional diet and production in food security in Nigeria, especially
in the Northeast zone. How the present agriculture system of large farms impacts on the

ability of the food system to support biodiversity, food security and entitlements equity
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should be clearly investigated for the purpose of sustainable development (Khush, 2016;
Sunderland, 2011a). The existing secondary data is not reliable and is inadequate to fulfil
this objective and hence, primary data based on field surveys in the area is required. This
study intends to fill these research gaps by using the system dynamic modelling tool to
explore how the food system can be altered to yield increase biodiversity, farm income,

food security and labour for sustainable development.

From production to consumption of food, there are many subsystems, activities, elements,
interactions, and relationships that determine our food today. It is important to understand
how different actions, activities, decisions, and systems component interact and the
outcomes, and why these interactions affect the sustainability of the food system.
Achieving food security under a sustainable environment has become necessary due to
evidence of double-edged problems of obesity and malnutrition (Food Research and Action
Centre, 2015). There is also increasing hunger and poverty with rising unemployment in
the face of fast technological advancements as in the case of Nigeria (Akinbobola & Saibu,
2004). The rising unemployment and poverty, especially for the young, call for a practical

way of solving the problems of food insecurity in Nigeria.

Studies have shown that about 70% of Nigerians are food insecure (Orewa & lyangbe,
2009).0ver 44% of the Nigerian population experienced moderate to severe food insecurity
in 2018. Over 8% of the Nigerian population experienced severe hunger between 2016 —
2018 (FAO Commission on Genetic Resources for Food and Agriculture, 2020). Nigeria hosts
about 50% of the food insecure population in West Africa in 2019 (Baquedano et al., 2020).
The proportion of the population that experienced severe hunger increased to 9.1 percent
by 2019, about 66 million Nigerians are food secure in 2020 and the number increase by
9.2 million when the effect of COVID 19 is considered (Baquedano et al., 2020). Borno
State alone, Northeast Nigeria, hosts about 400,000 severely malnourished children, and
Yobe has 4.3 million children (under the age of 18) in need of urgent humanitarian
assistance(Bulman, 2017). Food insecurity in a country like this may be an indication that
the gains achieved from shifting from food to cash crop production in many developing
countries cannot offset the burden of food import for the citizens. Government keeps
spending on food importation which goes mostly to the urban consumers, with little or no

support for the small farmers for domestic food production. This trend continues because
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there is a longer time lag between time of planting and harvest, than it is between eating
times. This means that the policies supporting the production of cash crops and farm
commercialization may not be able to solve the problems of food security in the world but

deepens import dependency (Fritz, 2011).

Food security policies have changed with every new government in Nigeria (Iwuchukwu &
Igbokwe, 2012). The rising food and nutrition insecurity couple with increasing poverty,
and unemployment rate (Akinbobola & Saibu, 2004), show that these policies have failed
not only in achieving their target but have had other unintended consequences. The
Agricultural Promotion Policy (APP) of Nigeria is geared towards achieving food security
under a sustainable development context (Federal Ministry of Agriculture and Rural
Development, 2016). This policy goal is harder to achieve considering the number of hungry
and poor people, and overexploited lands in Nigeria. APP which replaced the Agricultural
Transformation Agenda (ATA) of 2011 was developed in 2016, with a focus on food
security, import substitution and job creation, in addition to environmental sustainability.
These two policies, ATA and APP were aimed at moving Nigerian agriculture to a
commercial sector to ensure the creation of sustainable jobs and wealth. Fritz (2011) while
examining the impact of the EU Common Agricultural policy (CAP), mentioned that CAP not
only ignored small farmers but forces them to amalgamate or go out of farming. So, also,
Nigerian agricultural policies see small farms and small farmers as obstacle to

development.

However, little is known about the effectiveness of these policies on biodiversity, dietary
diversity, and welfare of the small-scale farmers who form the greater proportion of the
food producers (FAO, 2018b; Sabo et al., 2017). The importance of biodiversity to food and
agriculture is receiving more attention in the international policy agenda. However, this
recognition needs to be backed with action. A knowledge gap exists in terms of how
existing policies affect the biodiversity components and the services and products they
provide (FAO, 2019c). The effects of these policies on food security in terms of availability

of varieties of food crops have also received very little attention (FAQO, 2022).
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1.3. Overview of the Aims and Objectives of this Study
The broad objective of the study is to explore the relationship between the food system

and food security of Northeast Nigeria using System Dynamic Modelling with the aim of

achieving sustainable development and to draw a causal/feedback loop diagram of the

system. The study intends to identify interventions needed to achieve better employment

and income opportunities, increased biodiversity, and food security in the food system. The

study explored whether encouraging farmers and poor households with access to land to

produce their own food using the farming method that gives them access to a range of

crops and animals for consumption will help combat food insecurity.

In line with the scope of this study, the objectives of the study are as follows.

Assess households’ perception of the effectiveness of the APP on sustainable
development goals. This objective explored the APP policy thrusts for their ability to
promote the cultivation of diverse crops and livestock, promote biodiversity and
forest food harvest, diverse diet, and conservation, while concurrently generating

employment opportunities, income for farmers, and bolstering food security.

Ascertain the food and nutritional security situations of households. This objective
examined household consumption of different food groups, and important macro
and micro-nutrients like iron rich foods, vitamin A rich foods, animal protein, or
carbohydrate to shed light on the existence of hidden hunger. This objective also
identified the main source of food in terms of purchase, owned production or gift and
aid, and ascertained the contributions of forests and farm food to household food
consumption. This objective also captured the consumption of traditional and

western foods and food consumption outside the homes.

Explore the linkages between the food system components and food security pillars
to understand their interactions and identify the main drivers and the key outcomes
of the food system. The linkages and feedback loops within food system policy
interventions, labour, farm practices, agrobiodiversity, household socioeconomic

characteristics, and consumptions of diverse food were explored.
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1.4. Key Research Questions
These following research questions are designed for an in-depth investigation into the

complex interactions within the food system to facilitate a comprehensive understanding
of the complex dynamics at play in Northeast Nigeria's food security situations, and to
understand underlying patterns in the food system, causes, and implications. These
research questions were largely derived from the literature discussed earlier in this

chapter.

I.  What strategies and policy interventions can be identified and assessed for their
ability to promote the cultivation of diverse crops and livestock, while concurrently
generating employment opportunities, income for farmers, and bolstering food

security, in the context of increased biodiversity?

. Based on the DDS measure, to what extent do households in Northeast Nigeria
experience food insecurity, as measured by the DDS, particularly in relation to
varying levels of access to diverse food groups and the occurrence of hidden

hunger?

lll. Isthere hidden hunger in Northeast Nigeria?

IV. How do the complex interactions among food system biodiversity, labour
utilization, and food insecurity in Northeast Nigeria shape the region's food
insecurity patterns, and in what ways can a comprehensive understanding of these
dynamic relationships inform and guide strategies to alleviate food insecurity and

foster sustainable food systems?

1.5. Significance of the Study
Changing climate, globalization, and diminishing biodiversity may be a hindrance

to the achievement of the sustainable development goals of attaining food security in
Nigeria. Food secure Nigeria will remain elusive with the dearth of research on food
security in Northeast Nigeria, and high level of food insecurity in this geopolitical zone.
Having a food secure society will depend heavily on the interplay of set of dynamic factors

specific to their food system. It is important for researchers to start focusing on
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understanding the interactions between the dynamic components of the food system as it
affects food security. This will enable nuance and practicable evidence to support the fight

against the complex problems of food insecurity.

The study aims at contributing to the ability of the food system to produce more nutritious
and varied food in an environmentally sustainable manner that encourages biodiversity,
while providing jobs and income increase and improved welfare in general. The study
investigates how the local production and consumption of foods could improve food and
nutrition security, and in the end sustainable development through labour and
consumption markets. This study will contribute to the decision making and design of
strategies in the ongoing fight against food insecurity in Nigeria. It will provide researchers
with appropriate methodological approach for food system and food security research, and
policy makers with reliable real-life evidence on the correct choices and actions to
achieving a sustainable food system. Understanding the underlying structures of the food

system and how it works will greatly improve efforts made against hunger in the world.

1.6 Thesis Outline
The rest of the thesis is organised as follows: Chapter 2 presents the literature review on

the main concepts of the thesis - food and nutrition security of households in Nigeria,
linkages between biodiversity, agrobiodiversity, and food Security. It also presents the
literature review on theoretical and conceptual frameworks of the study and the
methodology- system dynamic modelling. Chapter 3 presents a detailed description of the
methodology used in the study. The fourth chapter is the first result chapter, which
presents results on the focus group discussions on the effectiveness of Nigeria Agricultural
Policy in achieving a sustainable food system. Chapter 5 presents the results on socio-
economic characteristics of the households in the study area. The results on the food
security situation of the households are contained in Chapter 6. Chapter 7 contains the
Food system causal/feedback loop diagram analysis. Chapter 8 is the discussion and
conclusion chapter and contains the highlights of the study, policy recommendations and

areas for further study.
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Chapter 2: Literature Review
2.1. Food and Nutrition Security of Households in Nigeria
Food security according to FAO ; IFAD ; UNICEF ; WFP ; WHO (2024) is “a situation that

exists when all people, at all times, have physical, social and economic access to sufficient,
safe and nutritious food that meets their dietary needs and food preferences for an active
and healthy life”. Based on this definition, four food security dimensions can be identified:
“food availability, economic, social and physical access to food, food utilization and stability
over time”. Food availability looks at the physical availability of food which comes from
food production, food from the wild, storage and food available in the market. Access to
food looks at the physical, social and economic ability to access food, while utilization is
about consumption of adequate nutrition by individuals which stems from good food
preparation skill, feeding practice and patterns, dietary diversity, good personal care, and
food distribution among household members. The stability dimension of food security is a
condition of having availability, access, and utilization at all times (FAO et al., 2019; lke et

al., 2016).

Ajayeoba (2010) notes that there were over 53 million hungry people in Nigeria, and over
52 million people lived under poverty line in 2010. This is over 30% of a population of 160
million people in Nigeria. According to Food Security Information Network (FSIN) (2019),
North Nigeria was among the eight worst food crises areas in 2018 and remained among
the world’s most severe food crises regions in 2019. These eight countries, Yemen, the
Democratic Republic of Congo, Afghanistan, Ethiopia, the Syrian Arab Republic, the Sudan,
South Sudan and North Nigeria make up about 72 million people suffering acute food
insecurity, out of which, North Nigeria alone constitutes 22.7million. Although Nigeria has
been removed from the countries with the worst food security situation, the situation did
not improve, it is just that some other countries grew worst. According to the guardian
(2024) more than 31.8 million Nigerians experienced acute food shortage in 2024. This is
the highest in African and one of the highest globally. Only Nigeria accounts for 23% of the
global increase in hunger. This represents an increase in food insecurity from the 2017
report. There is high level of malnutrition among Nigerian children, with about 84% of these
affected children living in the north (Akinyele, 2009). According to the Global report on
food crisis in 2017, the number of people suffering from acute hunger in northern Nigeria
was estimated at 8.1 million individuals, with 4.7 million of them located in the Northeast

region alone (Food Security Information Network, 2018; FSIN, 2017). The estimated
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number of people that will face acute food insecurity in the Northeast has risen to 6.4
million in 2023 (Care, 2023; FSIN, 2020). This figure is still increasing, as Care (2023), also
estimated that around 17 million people were in critical food insecurity in 2022. It is
anticipated that during the lean season of 2023, between June and August, approximately
25 million Nigerians may experience food insecurity (Care, 2023). Due to the escalating
food insecurity crisis in the country, the Government declared a state of emergency on
food insecurity in Nigeria on June 14, 2023.The Gaurdian puts the number of people facing

crisis level of food security at 30.6million.

There is unacceptable level of poverty in the rural areas of Nigeria which has also
contributed to their high-level of food insecurity. Nigeria is also the largest exporter of oil
in Africa, and a gross food importer, with high level of unemployment. The unemployment
rate surged from about 5% in 2006 to 23% in 2018. Despite this high unemployment rate,
the cost of living, particularly the price of food, has continued to increase (National Bureau
of Statistics Nigeria, 2019). Unemployment rate increased from 18.8 to 23.1 from the third
quarter of 2017 to the third quarter of 2018 (“Nigerian Food Takes Backseat at ‘Nigerian
Flavour’ Festival - Premium Times Nigeria,” 2019). This amounts to a rise from 3.3 million
to 20.9 million unemployed people in the third quarter of 2018 (Vanguard, 2018).
Furthermore, it was estimated that the unemployment rate in Nigeria reached 37.7% by
the end of 2022, and will reach 40.6% in 2023, and 43% in 2024 (Care, 2023; KPMG

International, 2023).

Apart from the problem of unsustainable food system and gender inequality, the food
insecurity problem in Nigeria has been attributed to lack of storage facilities for farmers to
store their excess produce during the harvest. These have led to serious harvest loss, large
household size, and less education (Akinyele, 2009; Omonona et al., 2007), lack of access
to productive assets such as land, water, access roads, improved farm tools and machinery
(UNDP, 2017), and Boko Haram insurgence that has resulted to loss of farm produce, land
and lives of farmers in the northern part of the country (Reliefweb, 2015). Iwuchukwu and
Igbokwe (2012) argues that food security objectives failed in Nigeria because of wrong
agricultural policy strategies and abrupt withdrawal of fund for agricultural projects in the

country.
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The Federal Ministry of Agriculture estimated that Nigeria spends over three billion US
dollars annually on food import, and still there is food insecurity in the country (Utebor,
2016). Nigerians’ preference for foreign goods over domestic ones has implications for
food production, and food security situation as well for the country. Folorunso (2013)
shows that for every 10 goods sold in Nigeria six of them were foreign goods and concluded
that Nigerian consumers have high taste for foreign goods. The result is the same for food.
Premium times (2019) noted that Nigerian food fair held in Lagos was dominated by foreign
food, which may be a discouraging factor to farmers producing traditional foods. The
believe that traditional foods are inferior to Western food may have contributed to the
food security problems as described in Onimawo (2010) that Nigerians’ foreign rice
syndrome despite the availability of hundreds of locally produced food and diet varieties

has resulted to a decline in food production and consumption diversity.

2.2 Challenges of Farming in Northern Nigeria
The agricultural systems of Northern Nigeria are at a critical juncture, facing multifaceted

challenges - ecological, climatic, and socioeconomic and political factors, notably the
recurring conflicts between herders and farmers that significantly impact its productivity
and sustainability. These conflicts have disrupted agricultural activities, leading to failure
of exchange entitlements for both herders and farmers, and food insecurity. The disruption
in farming activities not only limits food access but also diminishes the ability of farmers to
participate in the market, thus reducing their income and food security (Chikaire et al.,
2016). Most literature on the herder farmer conflict focus on the impact of this situation
on the development and loss of human and material resources, little or none is focused on
the impact of the situation on food security. This literature review delves into the
complexity of these challenges, with a particular focus on the inadequacy of monocropping
systems in this region. Through an exploration of the distinct ecozones, the adversities
posed by arid conditions, the decline in soil fertility, and the invaluable role of traditional
farming systems, this review underscores the imperative need for diversified farming
practices. Additionally, it highlights how a food system approach can provide insightful
explanations of the intricate relationships between agricultural practices and their
outcomes, emphasizing the crucial role of maintaining diversity to mitigate food insecurity,

poverty, and labour constraints.
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Northern Nigeria is predominantly influenced by a Sahelian climate, marked by drought
susceptibility and erratic rainfall patterns (Mailumo et al., 2022; Olasantan, 1992; Zhang et
al., 2018). Ayanlade and Drake (2016) emphasize that these changing climatic conditions in
the Sahel region of Northern Nigeria, have led to a significant increase in rainfall
unpredictability. This variability disrupts traditional agricultural seasons and poses
substantial risks to monocropping practices, underscoring the need for more adaptable and

resilient agricultural systems to counteract these climatic changes.

The issue of declining soil fertility is exacerbated in Northern Nigeria due to persistent
monocropping and inadequate soil management strategies. Gliessman and Tittonell,
(2015) argue for the necessity of integrated soil fertility management practices that extend
beyond monocropping to incorporate crop diversification and rotation. These practices are
essential for rejuvenating soil health and boosting agricultural productivity, highlighting the

detrimental effects of neglecting soil fertility on sustainable agriculture.

Historically, Northern Nigeria's traditional farming systems have leaned heavily towards
diversity and risk management to navigate environmental and socioeconomic
uncertainties. Stone and Flachs (2014), and Yeleliere et al. (2022) point out that these
traditional agroecological practices, such as mixed cropping and cultivating a variety of
crops, act as safeguards against crop failure, promote dietary diversity, and help maintain
soil fertility. This approach not only needs to embody a wealth of indigenous knowledge,

but it also presents viable strategies for sustainable agriculture in challenging conditions.

While the benefits of diversified farming systems are clear, labour constraints represent a
significant challenge to their implementation. Kuyek (2000) discussed the potentials of
labour-saving technologies and practices to enable smallholder farmers to transition
towards more diversified and sustainable systems. The high rate of unemployment in
Nigeria, paradoxically, provides an opportunity for labour-intensive practices like mixed
cropping to thrive, offering pathways for the poor to convert labour into food through

wages and labour exchange mechanisms.

Diversified farming systems in Northern Nigeria are not just a matter of agricultural practice

but a holistic approach that encompasses ecological, climatic, socioeconomic, and labour
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considerations. The integration of traditional knowledge with modern agricultural
innovations, guided by a comprehensive food system approach, offers a promising pathway
towards sustainable agriculture in the region. Addressing labour constraints while pursuing
sustainable agriculture and leveraging the high availability of labour due to high
unemployment rate, can further ensure that the food systems of Northern Nigeria are

resilient, productive, and sustainable.

Mixed cropping for small-scale Nigerian farmers is the planting of two or more crops
together in the same piece of land at a given time. These crops are not planted haphazardly
with the sole purpose of avoiding crop failure. These crops in addition to serving as risk
protection and income sources (Adewumi & Animashaun, 2013; Kolawole & Ojo, 2007;
Sabo et al., 2017), sometimes, have traditional and religious meaning to the farmer
(Bharucha & Pretty, 2010; Kennedy et al., 2022), build social relations (Pimbert, 2008), and
have nutrition and medicinal purposes (Johns & Eyzaguirre, 2006). Farmers practicing
mixed cropping in Nigeria, plant one or two main crops with other complementary crops
at different depths, spaces, and times. These crops grow together and are treated
differently based on their needs. Sometimes, the main crop(s) is(are) planted alongside
other complementary crops that support or do not disturb the performance of the main
crop. Farmers, through their experience and the knowledge embedded in the system, plant
water loving crops in the swamp/waterlogged area, crops that do not tolerate much water
in the drier part of the field, and different varieties of the same crops on different soil types
in the same field (Baker, 1978; Maiangwa, 2008). The seeds of these crops are preserved
for next season planting. Selection of a rich diversity of the crops for different purposes and
situations and the knowledge of planting them have been passed down through
generations of farmers. Yams are planted between February and April, at the onset of rain.
When the yam sprouts, and its tendrils are growing well, other supplementary crops will
be introduced based on their planting calendar and rain needs (Baker, 1978). Melon and
beans are planted in a yam mixed crop farm to cover the soil from heat and excess water
loss. The cover crops also help in controlling weeds, erosion, and nutrient draining from
the soil heaps during rains. The roots of these leguminous plants fix nitrogen, hold the soils
together, and the remains of the legume after harvest is used for mulching. Mixed crop
farms may not have specific row patterns like mechanized farms, but the seed for planting

are not mixed up before planting and are not planted by spraying or sowing the seeds
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together without spacings, timing and depth considerations for each seed planted. Most of
the crops found in the mixed crop farms have different lifecycles, and so, different harvest
periods (Maiangwa, 2008; Bundy et al., 2018). Mixed cropping not only contributes to
ecological sustainability but also provides stability to the food systems by improving the
exchange entitlements of farmers, making it a critical approach for achieving food security

in a challenging environment like the Northeast Nigeria.

2.3 The Concept of Agroecology and Regenerative Practices for Sustainable Farming
Futures
The examination of alternative agricultural methodologies, including agroecology, nature-

positive farming, and regenerative agriculture, reveals distinct ideological and practical
differences. These methodologies share the common goal of enhancing biodiversity and
food security with this study but differ in their approaches and focuses. Agroecology, for
instance, merges ecological principles with agricultural practices, emphasizing local
knowledge and sustainable food systems. While nature-positive farming and regenerative

agriculture share some of these goals, their specific strategies and outcomes can differ.

Regenerative agriculture is becoming a key focus for practitioners, researchers, and
policymakers globally, often linked closely with agroecology (Van den Berg et al., 2022).
Both regenerative agriculture and agroecology share common ground, such as the
restoration of soil and ecosystems, reliance on natural processes and ecosystem services,
and the integration of plant and animal species to harness photosynthetic potential (Giller
et al.,, 2021; Lujan Soto et al., 2020, 2021; Schreefel et al., 2020). However, a distinct
difference lies in the role of political activism within agroecology, particularly in its
emphasis on the social aspects within a socio-ecological system. So, agroecology is more
aligned with grassroots movements as it focuses on rights and access to resources (Rosset
& Altieri, 2017). This is unlike regenerative agriculture, which is also adopted by
commercial entities often less engaged with issues of resource access or food sovereignty.
This divergence underlines agroecology’s perception of sustainability as fundamentally a
political challenge, a perspective less apparent in regenerative agriculture. Field
observations suggest the existence of various interpretations of regenerative agriculture,
each with different ties to agroecology, necessitating an exploration of these diverse

definitions and their alignment with agroecology (FAO, 2018d, 2019c, 2019b).
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The ambition for sustainable agriculture-whether through regenerative agriculture,
agroecology, conservation farming, or organic agriculture-is to foster a system that meets
current needs without compromising future generations. Regenerative agriculture aims
not just for sustainability, but for an ongoing enhancement of the environment and farm
economic viability; a concept initiated by Robert Rodale in the 1980s, advocating for
“regenerative organic agriculture" as a step "beyond sustainable” (Elevitch et al., 2018;
Ikerd, 2021). Despite the evolution of the term, the Rodale Institute has continued to
champion regenerative organic agriculture (ROA), including developing an international
certification focusing on social values like worker well-being (ROA, 2023). The regenerative
narrative has gained popularity, particularly as the UN's Sustainable Intensification
discourse failed to resonate with environmentally conscious stakeholders (Struik &
Kuyper, 2017). However, the varied and sometimes vague definitions of regenerative
agriculture, combined with a lack of regulatory oversight
have led to disparate interpretations by different entities, raising concerns about
greenwashing, especially among organizations opposed to chemical inputs (Schreefel et al.,

2020).

Regenerative agriculture's flexibility stems from its practice-based definitions like no-
tillage, soil cover, crop rotation by General Mills Inc., and principle-based definitions like
holistic design and decision-making by Terra Genesis International, sometimes merging
processes and outcomes (Newton et al., 2020). This flexibility might lead to varying
practices and their environmental impacts. The original emphasis on organic processes in
ROA, focusing on sustainable cycles and biodiversity, was somewhat diluted when
"organic" was removed from the regenerative agriculture definition, broadening the
concept's appeal, but also opening it to misuse for marketing conventional practices reliant

on agrochemicals (ROA, 2023).

Agroecology, as defined by Gliessman and Tittonell (2015) offers a transformative
approach to the global food system, emphasizing participation, locality, fairness, and
justice, aiming for a restoration and protection of the Earth's vital systems. Agroecology
inherently includes regenerative processes for ecosystems and communities. The UN Food
and Agriculture Organization (FAO), through symposia between 2013 and 2018, crafted a

working definition of agroecology based on ten elements combining social and ecological
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principles (Barrios et al., 2020; FAO, 2018d; FAO 2018; FAO, 2019c, 2019b; Wezel et al.,
2020). These principles, fundamental to the Tool for Agroecological Performance
Evaluation (TAPE), underscore agroecology's political dimensions, highlighting the need for

political engagement and policy action to achieve its goals.

To critically assess the role of agroecology within the broader agricultural context,
comparing it to other sustainable agricultural practices is important. The exploration of
agroecology's history and its comparison to other methodologies elucidate the diversity of
sustainable agricultural approaches. These approaches connect to extension support for
precision farming, intercropping, and agroforestry, especially in dryland contexts,
showcasing the range of strategies to promote biodiversity and food security. The selection
of agroecology and related practices for this research is a strategic choice to investigate
sustainable agricultural methods that can contribute to food system sustainability against

environmental and socio-economic pressures.

2.4. Linkages between Biodiversity, Agrobiodiversity and Food Security
Tourism, forestry, fisheries, and agriculture depend heavily on ecosystem functions and

biodiversity. There is a major concern about having enough food for the growing
population of humans in the world. However, this concern is complicated by eroding
environmental change that is threatening the limitless production of food (Ingram, 2011).
To achieve sustainable development, Kuokkanen et al., (2015) opine that attention should
be paid on how the present food system impacts on resilience and food security of the
vulnerable. The impact of the present agriculture system of large farms sustained by
chemical and genetically modified inputs, crop and animal specialization and monoculture,
on the biodiversity and diversity in food consumption, and importantly entitlements equity
should be clearly investigated for the purpose of sustainable development (Khush, 2016;
Sunderland, 2011). Monocultural practice may negatively affect the food security situation
of poor households by increasing their vulnerability to pests and diseases; limiting the
availability of diverse kinds of food, and crop failure due to climate change problem (Ecker
et al.,, 2018; Ndaeyo et al., 2001). Monoculture, if adopted by these poor farmers, also
comes with very high input cost that the farmer may not have or get from a less risky
source. This is a call for alternative agriculture where diversity, reduced environmental

degradation, and social justices more than productivity, are promoted.
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Alternative agriculture designed to promote biodiversity is crucial for improving food
system resilience and achieving food security. This practice aims to reduce the use of
synthetic chemical fertilizers, pesticides, herbicides, and antibiotics, increase profits,
reduce costs, and mitigate the adverse environmental impacts of agricultural production
(Council, 1989). According to Thrupp (2000), agrobiodiversity- using multiple species of
crops and animals instead of monoculture- is increasingly recognized as essential for

enhancing agricultural production and food security.

Using diverse crops and livestock improves food security and livelihoods while promoting
food system resilience (FAO et al., 2019). Monoculture in intensive agriculture, however,
leads to a decline in biodiversity (Frison, Cherfas, & Hodgkin, 2011). Conflicts between
agricultural practices and food security arise under current farming systems, which often
harm biodiversity (Seufert, 2012). This issue can be resolved with sustainable agricultural
practices and policies supporting biodiversity (Thrupp, 2000). Lin (2011) notes that
agrobiodiversity, including crop and animal diversity, is vital for achieving food system

resilience.

Maiangwa (2008) found that crop diversification positively impacts agricultural
productivity and welfare variables such as household food security and income. Frison,
Cherfas and Hodgkin (2011), and Makate et al. (2016) affirmes that more diverse
ecosystems often have higher productivity than simpler systems, whether agricultural or

non-agricultural.

Mohammed and Mahmood (2023) provided a robust way of measuring biodiversity,
defining it as all biotic variation in ecosystems, including genetic variation. Biodiversity can
be assessed by species richness, species distribution, disparity, rarity, and genetic
variability. Agrobiodiversity, therefore, captures the number of species or varieties of crops

and livestock within a given area.

The contributions of biodiversity to food and nutrition security are increasingly recognized
by local and international communities. The FAO's 2019 report, "State of the World's

Biodiversity for Food and Agriculture," highlights biodiversity's role in achieving sustainable
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development goals related to hunger, food security, and labour. Biodiversity supports
production systems and livelihoods resilient to shocks and stresses (FAO 2022b). It plays

critical supporting, provisioning, and regulating roles needed for sustainable development.

Biodiversity's ecological contributions include pollination by bees, trees providing shade
and habitats, edible insects as protein sources, and pest control by other insects (Barwise,
2019; Popescu & Popescu, 2016; Thrupp, 2000). Additionally, biodiversity maintains life
through complex roles such as climate regulation, water purification, and nutrient recycling
(FAQ, 2019b, 2019c). Despite its importance, biodiversity's contributions to food security
have been neglected (FAO, 2019c).

Biodiversity provides food and income insurance against risks and shocks, which help
prevent deeper poverty and food insecurity. It also serves cultural purposes for both poor
and non-poor communities (Adeola, 1992). Non-timber forest resources offer rural
households’ food during lean periods, contributing to poverty alleviation. More evidence
is needed on the link between biodiversity and poverty reduction, especially at the local

level (Convention on Biological Diversity, 2010).

Traditional agriculture, unlike the crops for cash industrial monoculture is used for
household income, as well as traditional ceremonies, subsistence, building and maintaining
social relations, and other socio-ecological relations. So, what crops are planted, what
animals are raised and used can build or destroy the social structure, tradition, and local
nutrition (Jacques & Jacques, 2012). The parallel extinction of rich biodiversity and cultural
diversity manifested in the declining regional food traditions and diverse cuisines is more
than the alarming extinction risk of birds and mammals (Adeola, 1992; Jacques & Jacques,
2012). This, in part, is caused by the endgame played by the forces supporting homogeneity
in the global farms which has led to the serious loss of livestock breeds and crop varieties

alongside the traditional knowledge for raising them embedded in the system.

Harris and Mohammed (2003) identified a total of 67 wild foods from 53 species of plants
consumed in Northeast Nigeria. This shows that there are wide varieties of wild food from
forest biodiversity available for household consumption in Nigeria. Despite the huge

contribution of forests to the food and nutrition, Nigeria was said to have the worst
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deforestation rate in the world in 2005, having lost 55.7% of its primary forest between
2000 and 2005. Nigeria lost 3,771.59ha and 2,5531ha of its primary forest and tree cover
respectively between 2002 and 2010. Between 2011 and 2018, Nigeria lost 10,000.49ha
and 75,815ha of its primary forest and tree cover. So, between 2002 and 2020 Nigeria lost
about 141,000ha of its primary forest and lost an extra 25,000ha between 2020 and 2022
(Butler, 2005; Global Forest Watch (GFW), 2023; Mongabay, 2020; World Resources
Institute, 2021). This rapid disappearance of Nigerian forests has implications for not only
climate change as is the fear of the international organisations like UN and FAO, but for
food insecurity which is on the increase in the northern part of the country. According to
Ruben and Verhagen (2019), urbanization, economic growth, information and computer
technology and climate change are external factors that influence the food system. These
external interventions, especially climate change has a large influence on the biological
cycles of the food system, particularly in the Northeast Nigeria with its arid climate that is

already water stressed.

There is still little information on the Nigerian food system and food security relationship
even though this area seems to be the way out of food insecurity and environmental
degradation problems. Food security should not be considered in isolation from the food
system and the humans that manage the production system. Researchers working on food
security in Nigeria have, in most part, focused on identifying the food insecure (Kuku-shittu
et al., 2013), effects of socio-economic factors on food security (Kemi et al., 2014;
Omonona et al., 2007; Owoo, 2018), the gap in food production (Igbozurike, 1978; Zhang
et al., 2018), the impact of policies on food security (Iwuchukwu & Igbokwe, 2012). There
is an urgent need for closure in the knowledge gap and evidence of the contributions of
biodiversity to food and nutrition security in the face of severe threats to the world’s

biodiversity (FAO, 2019a).
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2.5 The Interplay between Traditional Diets, Indigenous Knowledge, and Food Security
The growing interest in the nexus between food security and traditional diets underscore

a vital research void in the contemporary food systems discourse. Traditional diets, and its
associated indigenous knowledge play an indispensable role in food security, particularly
among indigenous communities in low- and middle-income countries. These diets,
characterized by their nutritional richness and biodiversity, offer sustainable pathways for
food production and consumption. Sidiq et al. (2022) underscore this connection,
advocating for an expanded research focus on how indigenous food systems contribute to
food security. This literature highlighted the knowledge gap by exploring the role of

traditional diets and the cultivation of underutilized crops in bolstering food security.

International institutions, like the World Vegetable Centre, and the International Institute
of Tropical Agriculture, have documented the nutritional benefits of incorporating
underutilized or traditional crops into diets. These crops are often superior in vitamins,
minerals, and antioxidants, essential for a balanced diet. For instance, the World Vegetable
Centre advocates integrating a wide variety of vegetables to combat micronutrient
deficiencies: highlighting the role of crop diversification in enhancing dietary nutrition, and
promoting biodiversity conservation (Oloyede et al., 2023a; World Vegetable Centre,

2022).

The restoration of degraded lands, and the emphasis on land rehabilitation in East Africa
and the Sahel, demonstrate the crucial role of agrobiodiversity in food security and poverty
alleviation. Research by the World Agroforestry and CIFOR-ICRAF, along with studies
published by the International Livestock Research Institute, explore the connections
between biodiversity and food security, suggesting that crop diversity can improve
nutritional outcomes and income generation for communities (Mailumo et al., 2022; World
Agroforestry Centre, 2008). The conservation of neglected crops, as explored by Oloyede
et al., (2023b), highlights the role of these crops in sustaining biodiversity, nutritional

benefits, and economic opportunities for smallholder farmers.

El Bilali et al. (2022) discussed the significance of agrobiodiversity in the sustainable
transformation of food systems in West Africa, illustrating how agrobiodiversity enriches

dietary diversity and is essential for the sustainable transformation of food systems. By
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incorporating the use of traditional crops and practices into agricultural policies, these
studies indicate pathways towards more resilient and nutritionally adequate food systems.
The research demonstrates how crop diversity has positive implications for food security
at the local level, underscoring the crucial role of diversification and indigenous crop

utilization in sustainable food systems.

The studies reviewed have shown traditional food systems and local knowledge help
improve food and nutrition supplies as planned. The research from Sidiqg et al. (2022) and
international institutions like World Vegetable Centre and International Institute of
Tropical Agriculture shows how traditional food sources fight hidden hunger in households,
which supports this thesis' second objective. Research into restoring degraded land and
promoting agrobiodiversity shows how food systems relationships work for both ecological
and socioeconomic improvements underling the importance of the second objective.
Traditional farming methods and local crops need to become part of our farming policies.
These studies reviewed have shown that sustainable food security rely heavily on

protecting traditional farming methods and crop varieties which need government backing.

2.6. Food Security and Labour in the context of sustainable food system
Many workers contribute to feeding the billion people on earth with some of these workers

depending solely on the income from farms for their livelihood. Workers are needed to
make the food system work and to feed the ever-growing population. Yet, from production
to consumption they have the problem of decent work (voluntary employment that yield
fair income for the social protection of the family and better prospect for the workers) (ILO,
2016). Some are even forced out of farming business by big commercial farmers and lack
of market for their produce. For many families and individuals, decent work is all they need
to be food secure and out of poverty. Decent work can stimulate economic growth,
increased food production, processing, and income for the farmers to escape poverty
(Braun, 1991; Von Braun, 1995). The success of modern farming in commercializing food in
most times masked the externalities it puts upon natural environment and human health

(Pérez-Neira et al., 2023).

Consolidation which yielded big farms has not favoured poor farmers, who form majority

of African farmers. New technology, including agrochemicals and larger farm machinery
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drove the push to consolidate farms, and this allows farmers to work larger areas of land
by substituting capital for labour (John Hopkins, 2014). Consolidation became attractive
because larger farms had the advantage of economies of scale. These farms benefited from
large market shares, functional specialization, and minimum fixed costs for their output.
Most government and institutions favoured larger farms, giving them greater access to
credit and capital with the justification that large farms are more efficient at transforming
inputs to output, at least up to a point by substituting machineries and chemical for labour
(Baltensperger & Tensperger, 1987). Development policy makers are torn between
agricultural policies that promote more food production and those that promote more
employment. On one hand, there is need to use tractors to produce more of few types of
food for more people using less labour (Baltensperger & Tensperger, 1987), which will lead
to more unemployment in developing countries like Nigeria. On the other hand, enough or
less food can be produced using more labour who will derive their livelihood from
producing greater varieties of crops and animals, which lead to more jobs, healthy
environment, and diverse food available for the households (Baltensperger & Tensperger,

1987, Frison, Cherfas, Hodgkin, et al., 2011; Seufert, 2012).

Food and nutrition insecurity is a major challenge to households both in the urban and rural
areas which depend on labour market for their livelihood. Hence, creating employment
should be a very attractive programme in countries like Nigeria, with high incidence of food
insecurity and unemployment (Molinero Gerbeau & Avallone, 2016). Considering the large
proportion of poor and vulnerable people employed in the agricultural sector, making the
food system sustainable is bound to result to sustainable development, through decent
jobs, food security, and green economy. Making the food system sustainable is crucial
because it directly impacts the large proportion of poor and vulnerable people employed
in agriculture. Sustainable practices can create decent jobs by promoting fair labour
conditions and improving livelihoods. Enhancing food security ensures that these
populations have reliable access to nutritious food, reducing poverty and hunger.
Additionally, sustainable agriculture supports a green economy by minimizing
environmental damage, conserving natural resources, and promoting biodiversity.
Together, these factors contribute to overall sustainable development by fostering

economic stability, social equity, and environmental health.
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Labour intensive public work has been widely employed in countries like China, India, and
Bangladesh to achieve food security through employment. Labour intensive food system
can help Africa solve the three major problems facing the continent — unemployment, food
insecurity, and lack of infrastructure which will go a long way in ensuring a sustainable
development (Braun, 1991). Large labour market, familiar and functional labour sharing
and pooling, poor infrastructure, which lend itself to the use of local and manual
equipment, and greater participation of women in farms and off-farm activities, unlike their
Asian counterparts, are factors that favour labour intensive work in Africa. The impact of
labour-intensive public work can be determined by their impacts on household incomes
and individual household consumption and expenditure (Von Braun, 1995; von Braun,

2003).

There is need to look at the improvement of agricultural productivity and economic
benefits that can be achieved when more labour-intensive green farming practices are
adopted in the high food insecure regions of the world (Braun, 1991; Von Braun, 1995). It
should be noted that the economic and productivity gains are in the areas of increased
incomes for the farmer and farm output productivity. Other valuable benefits of a more
labour-intensive food system that may be external can be realized, like, less environmental
pollution, reduced poisoning of microorganism and insect, reduced pest pressures,

reduced consumption of fossil fuel-based inputs and other positive economic externalities.

2.7 Food Systems Analysis: A Critical Review of Current Challenges and Future
Directions
Various interpretations exist for the concept of a food system. Matchaya and Guthiga

(2023), and Ingram (2019) like most food system studies, conceptualised the food system
as a network of actors or players and their activities along the entire food value chain from
inputs to production, distribution, and consumption. This understanding is in line with the
UN Food Systems Summit (UNFSS) perspective which considers food systems to include all
food-related actors and their interconnected activities from the point of production to the
point of consumption or use (Ramanathan et al., 2022; Von Braun et al., 2021). In contrast
to conventional definitions, the food system conceptualized within this work adopts a
systems-thinking paradigm. Here, the food system is viewed as a complex network

comprising various interconnected components, including inputs such as seeds and

31



agrochemicals, production processes, and consumption patterns. While each component
contributes to the overall function, the entire system transcends the mere sum of its
individual parts. This conceptualization emerges from a systems-thinking perspective,
emphasizing the connections, interactions, and relationships among all elements- both
living and non-living- within the system. Thus, the focus extends beyond the profits and
values of individual actors, prioritizing, instead, the critical inter-dependencies and linkages

that define the system as a cohesive whole.

The study of food systems has gained momentum in recent years, evolving through various
analytical approaches to address the complex interplay of factors influencing food
production, distribution, and consumption. This research synthesizes the contributions of
key scholars in the field, notably Matchaya and Guthiga (2023), Ruben and Verhagen
(2019), Tutundjian et al. (2021), and others, to highlight the advancement in food system
study and its implications for sustainable development. Through an exploration of
descriptive, explorative, and interactive analyses, this discourse sheds light on the nuances
of system approach frameworks, and their significance in enhancing the coherence,

efficiency, and sustainability of food systems globally.

The study of food systems has undergone significant transformation, revealing three
primary methodologies: a descriptive focus on food systems' structural elements, an
explorative method evaluating policy options for improved system efficacy, and an
interactive technique designed to support transitions and innovation for better alignment
among crucial stakeholders (Ruben & Verhagen, 2019). The adoption of systems approach
frameworks offers a more nuanced comprehension of food systems by integrating various
perspectives, enabling a deeper understanding of the intricate dynamics and
interconnections within these systems that might be missed by traditional single-discipline
studies. Such comprehensive analysis is pivotal in enhancing the pertinence and efficiency
of policy suggestions, taking into account factors like ecological sustainability, economic
feasibility, social fairness, and nutritional results (Ruben & Verhagen, 2019). This approach
aids in formulating more resilient policies with wider acceptance by the various actors

involved.
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Nonetheless, the analysis of food systems can be intricate and demand extensive
resources. The challenge of integrating diverse methodologies, data sources, and
theoretical views necessitates significant effort and expertise. The endeavour to merge
different disciplines carries the risk of diluting each discipline's depth and subtlety (Ruben
& Verhagen, 2019). Furthermore, despite aspirations for cross-disciplinary collaboration,
practical barriers due to variations in academic culture, language, and priorities can impede
effective cooperation. Overcoming these barriers demands more than a unified
framework; it requires a shift towards true transdisciplinary approach rooted in a system
thinking. Transdisciplinary approach extends beyond traditional academic disciplines to
bringing together knowledge from both academic and non-academic sources (topic
experts, communities, farmers, extension agents, food scientist and policymakers). There
is a risk that developing integrative frameworks might be overshadowed by specific
disciplines or viewpoints, leading to biases in the analysis and understanding of food
systems. Therefore, there is a critical need to ensure equitable representation and include
diverse viewpoints in data gathering to prevent biased analyses. The systems thinking
approach addresses the need identified by Ruben & Verhagen (2019) for an in-depth

exploration of the interactions and feedback mechanisms within food systems.

Ruben and Verhagen (2019) have utilized food system analysis in distinct contexts, such as
enhancing public nutrition policies and supporting innovation networks within the food
industry, necessitating the identification of different conceptualizations and leverage

points for sustainable food systems.

The research by Matchaya and Guthiga (2023), and Zurek et al. (2022) centre on the roles
of actors and stakeholders and the interactions across different food chain levels,
recognizing drivers as potential opportunities or threats. Their goal was to find suitable
incentives for sustainable diets and food systems, which is contrary to the systems thinking
approach's methodical identification of system drivers and key outcomes. These studies
also tend to overlook the physical and cultural aspects of food systems, such as changes in
weed dynamics, microbial support for production, and alterations in food culture and
traditions due to changes in inputs and production practices. The primary focus remains on
maximizing stakeholder benefits, ensuring the availability of healthy diets, and identifying

incentives for producing nutritious foods. In contrast, the systems thinking approach
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emphasizes understanding direct and indirect relationships and feedback loops, making it
easier to grasp how actions lead to outcomes and how different components of the system
affect each other. The system causal loop diagram analysis used in achieving the second
objective of the study is very important in identifying system drivers and outcomes
variables, which are contrary to the naming of factors of food systems like food security

and climate change as a driver outcome because they are threats or offers opportunity.

Matchaya and Guthiga (2023) conceptualize the systems approach as a method for
diagnosing food systems through a systematic analysis and assessment of various
components and their interdependencies. Data collection spans national and international

sources, with a focus on regularly updated indicators at both national and local levels.

Ruben and Verhagen (2019) discuss a shift in focus from traditional elements of food
security-production, distribution, consumption, and access-to a more interconnected and
nested analysis of food systems dynamics, emphasizing the importance of considering the
multifaceted nature of food security influenced by technical, economic, social, and cultural
factors. This shift challenges the linear perspective of food security analysis, which
traditionally emphasized production intensification, and calls for attention to more
complex causal mechanisms that address competing goals, emergent system properties,

and dynamic feedback mechanisms.

The emphasis of most food system studies is now on external drivers such as climate
change, urbanization, ICT, and economic growth, and their impact on the food system, with
less attention to internal elements and drivers (Ruben & Verhagen, 2019). Systems thinking
serves as a crucial instrument for grasping the inner structures and patterns and identifying
the system drivers. A thorough understanding of a food system's structure, focusing on
nutritional outcomes and the flow of materials and information, is essential for addressing

the implications of food systems on diets.,

The global food system is at a crucial juncture, faced with challenges brought by climate
change, population growth, and socio-economic disparities. The literature on food systems
analysis, as discussed by Tutundjian et al. (2020), Ruben et al. (2018), and in the editorial

of Nature Food (2020), provides invaluable insights into these challenges, advocating for a
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comprehensive research approach and innovative solutions to rectify the systemic issues
of the current food system. These works collectively emphasize the need for a systemic
revaluation and the active pursuit of innovative solutions that address the underlying
causes of food system challenges, highlighting the importance of systems thinking for

sustainable, equitable, and resilient food systems.

This comprehensive discourse on food systems analysis, synthesized from contributions by
Ruben & Verhagen (2019), Matchaya & Guthiga (2023), Zurek et al. (2022), Tutundjian et
al. (2020), and the editorial perspectives from Nature Food (2020), underscores the
complexity of addressing global food security and sustainability challenges. The evolution
of food system analysis through descriptive, explorative, and interactive methodologies
reveals an increasing recognition of the need for systems thinking to effectively navigate

and intervene in the multifaceted food system landscape.

The shift towards systems thinking in food systems analysis represents a significant
departure from conventional, discipline-specific approaches. This paradigm shift facilitates
a holistic view of food systems, enabling the identification and examination of dynamic
interactions, feedback mechanisms, and the interplay between various system
components. By adopting a systems approach, researchers and policymakers can uncover
the underlying factors contributing to food system challenges, ranging from ecological

degradation and socio-economic disparities to the impacts of global climate change.

Systems thinking not only enriches the analytical depth of food system studies but also
enhances the formulation and implementation of policy recommendations through a
transdisciplinary approach. By considering a broad array of factors, including ecological
sustainability, economic viability, social equity, and nutritional outcomes, policy
recommendations can be made more relevant, effective, and widely supported. This
approach fosters the design of integrated policies that can address the complex realities of
food systems, thereby contributing to the creation of more sustainable, resilient, and

equitable food landscapes.

The ongoing evolution of food systems analysis, through the lens of systems thinking, holds

promise for addressing the pressing challenges of food security, sustainability, and equity.
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By bridging the gap between theory and practice, fostering transdisciplinary collaboration,
and embracing innovative methodologies, there is the potential to transform the global
food system into one that is more resilient, sustainable, and equitable. The collective
insights from literature emphasize the importance of systems thinking in rethinking food
systems, highlighting the need for a concerted effort among researchers, policymakers, and
practitioners to co-create knowledge and implement evidence-based strategies for

systemic change.

2.8 Theoretical framework

The study of food system sustainability for food security is a system science study that looks
at the relationships and interactions between the elements of food security and food
system. It focuses on how the food system is affecting the environment in terms of
biodiversity and resilience of the ecosystem, the economy especially that of the poor
farmers, and social justices in terms of employment and food and nutrition security. To
assess the sustainability of a food system there is a need to clearly distinguish between two
agricultural systems. First, the conventional/commodity farming system-farming is
designed to produce as much food and fibre as possible at the least cost following the
neoclassical optimum efficiency for maximum profitability in agricultural production
(Hinrichs & Lyson, 2007). So, according to Keynes theory, the increase in profitability
increases income and employment, which in turn increases consumption. This idea of
maximum profitability and minimum cost contributed greatly to farm merging and the
emergence of giant multinational agribusiness companies controlling the food system. As
the farms grew larger, and the agribusiness companies enlarge the food choices facing
households decreased. The second is sustainable agricultural practices- an agricultural
practice designed to produce positive values along economic, environmental, and social

dimensions.

This study reviewed the Failure of Exchange Entitlements (FEE) Theory, Keynes theory of
income and employment, Complexity Theory and System Thinking. The problems of market
failure and imperfections when it comes to real problems with uncertainties, necessitates
the combination of Failure of Entitlement Exchange and Complexity Theories to Keynes

Theory to capture the realities of the macroeconomics of the natural environment.
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2.8.1. Keynes Income and Employment Theory
Keynes theory emphasizes the interconnection between output, income, and expenditure,

suggesting that an increase in income leads to higher consumption. It explains that
spending by one person generates income for another, creating a continuous cycle of
economic activity. So, as demand for output increases, the need to produce more output
will in turn increase employment and income of the employed. Rezai, Taylor and Mechler
(2013), described the Keynes Theory as a potent vehicle to establishing economic system
thinking in solving the problems of ecological economics as they applied it to the problems
of climate change. In the case of food system sustainability, a sustainable food system will
encourage equity in the production resources and food system. The production of more
diverse food will in turn lead to more employment in the farm for smallholder farmers.
Consumer demand is primarily influenced by the price of a commodity, as higher prices
generally lead to lower demand, while lower prices increase demand. Additionally, factors
such as consumer income, the availability of substitute goods, and individual tastes and
preferences play crucial roles in shaping demand, as higher incomes and favourable tastes
boost demand, while available substitutes can reduce it. There is little the consumer can
do to increase food diversity or reduce consumption of unhealthy foods in the face of
limited production of diverse foods. If the consumption of diverse food is encouraged, most
households in farming communities have their income increase via increase in demand for

local food.

2.8.2. Failure of Exchange Entitlement (FEE)
This theory looks at how people command food legally in a society. Most households

depend on purchase as their main source of food due to globalization of the food system.
So, failure of Exchange Entitlement more than reduction in food availability will, most likely,
lead to food insecurity. In an exchange economy, the ability of the households to exchange
their entitlement which includes labour and other possessions to other commodities,
especially food will determine their food security status (Sen, 1976). For households that
are already poor and vulnerable, a sharp fluctuation in food availability can lead to starving.
In a food system where the poor depend on their own production and cheap starchy foods
in the market, food insecurity results from lack of availability as well as lack of access to
food. In Niger, Rubin (2009), observed that the famine of 2005 was not caused by lack of
food but by unfavourable terms of trade that destroyed the entitlement of the poor in

securing food, which gives credence to Sen’s Failure of Entitlement Exchange Theory.
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The concept of Failure of Exchange Entitlement (FEE) as articulated by Sen (1976) is highly
relevant to understanding the multifaceted nature of food insecurity issues in the
Northeast of Nigeria. This region, grappling with a myriad of social, political, cultural, and
economic challenges, presents a stark illustration of how food insecurity transcends mere
food availability, deeply rooted in the ability of households to access food through their

exchange entitlements.

In Northeast Nigeria, as in many parts of the developing world, the majority of households
depend on purchasing food as their primary means of sustenance. This reliance has been
exacerbated by the globalization of the food system, which has shifted local economies
from subsistence to market reliance. According to Sen's theory, the ability of households
to exchange their entitlements, which include labour, land, and other possessions for food,
fundamentally determines their food security status. In a region where many households
are already at the brink of poverty and vulnerability, fluctuations in food prices, availability,

or terms of trade can precipitate acute crises of food insecurity.

The situation in Northeast Nigeria is compounded by ongoing conflict and displacement,
which further erode the ability of households to maintain or acquire the assets necessary
for their subsistence. The loss of land to larger agricultural enterprises, often driven by
external investments and a push towards large-scale farming, undermines traditional
farming practices and exacerbates vulnerability to food insecurity. This is particularly
devastating in a context where most households depend on their own production both for

direct consumption and as a means of engaging in the market.

Drawing parallels with Rubin's observations in Niger, the famine of 2015 underscores the
critical distinction between food availability and access to food (Rubin, 2009). In Northeast
Nigeria, the challenge is often not the absence of food per se, but the deterioration of the
terms of trade and market conditions, which render food unaffordable for the poorest
segments of the population. This aligns with Sen's assertion that food insecurity results

from a failure in exchange entitlements rather than a simple shortfall in food production.
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The absence of social safety nets, characteristic of both socialist and advanced capitalist
economies, leaves the poor in Northeast Nigeria particularly exposed to the vicissitudes
of the market. The push towards wage-earning employment, driven by global consolidation
and agricultural modernization, often translates into a precarious existence for smallholder

farmers, who find themselves at the mercy of global market forces far beyond their control.

In addressing these challenges, it is recommended to empower the poor to become more
self-reliant and to diversify their food production. Encouraging farmers in Northeast Nigeria
to cultivate a variety of crops can mitigate the risk of crop failure while providing a more
nutritious and secure food base. This approach not only addresses the immediate needs
for food and nutrition security but also strengthens resilience against future economic or

environmental shocks.

2.8.3. The General Theory of Complexity
Complexity theory has implication for how we understand the structure and management

of a complex organization (Cilliers, 2000b). It is important to note that complexity do not
allow for vague or chaos situation. However, the Complexity Theory made it clear that -the
nature of a complex system is determined by the interaction among its elements. Complex
systems are open systems that make a stable state undesirable, and the boundaries of the
system are not clearly defined. The history and context of the system define its nature,
there may be desirable or undesirable emergent, nonlinearity of the interaction which may
lead to outcomes that are not proportionate to the causes, and the system organise itself
to respond to events critical to its survival (Cilliers, 2000a; Emmeche, 2004). Complexity
theory sheds light on the nature and limits of our knowledge and understanding of the food
system. The food system, in this study are clear examples of a complex system and clearly
reflects the characteristics of a complex system. So, there is the need to apply the lens of
complexity theory in this study, looking at the interdependence and relationships within

and between the systems.

2.8.4. System Thinking Theory
Systems thinking theory focuses on the interactions and connections between elements or

components within a system. It is a philosophy that encourages awareness of how a

system's structure contributes to the conditions we experience, emphasizing the
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identification of less obvious relationships and interactions. This approach helps us realize
that our actions, or inactions, have consequences that may not be immediately apparent.
By understanding these complex interdependencies, systems thinking allows us to make
more informed decisions and anticipate the broader impact of our actions (Goodman,

2018).

System thinking is a diagnostic tool. It is used in examining problems beyond observation
and data to find out patterns. It is used in identifying the structure underlying the patterns.
It is a very important tool in understanding and changing unfavourable structure to create
a more sustainable solution to complex problems. It is a helpful tool in making informed
choices and telling compelling stories especially with the use of the causal loop diagram for
effective policy implementation. Food system is made up of various elements that are
interacting in dynamic ways to give us the conditions we see today. System thinking is
needed to clearly understand the rich interactions in the system and the underlying
structures supporting the present condition. It also provides valid and practical choices to

changing or amending the structure to produce the desired outcome.

Applying system thinking to the intertwined challenges of food production, environmental
degradation, inequality, and food insecurity in Northeast Nigeria reveals the depth and
complexity of these issues. System thinking, as described by (Goodman (2018), offers a
comprehensive approach to understanding and addressing the multifaceted problems
faced by this region. By focusing on the interactions and linkages between different
elements of the food system, this approach can identify less obvious relationships and the

consequences of actions or inaction that contribute to the current situation.

System thinking enables a deeper analysis beyond surface-level observations to uncover
patterns and structures underlying food insecurity and environmental issues in Northeast
Nigeria (Goodman, 2018). This region, plagued by conflict, climate change, and socio-
economic disparities, presents a complex puzzle where conventional linear thinking falls
short. System thinking illuminates how the elements of the system interconnect,
influencing and exacerbating each other, thus offering insights into the systemic roots of
food and environmental crises. By understanding the structure contributing to adverse

conditions, system thinking facilitates the development of sustainable solutions. It moves
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beyond temporary fixes to address the core of the problem, ensuring that interventions
are not only effective in the short term but also sustainable in the long run. This is crucial
in a region where temporary aid has often failed to produce lasting improvements in food

security and environmental sustainability.

System thinking is instrumental in making informed choices and shaping policies that can
effectively address the complex challenges of food production and environmental
degradation. The use of causal loop diagrams can help policymakers visualize the feedback
loops and causal relationships within the food system, leading to more effective policy
implementation that targets the underlying causes of food insecurity and environmental
issues, rather than just the symptoms (Goodman, 2018). In the face of uncertainty and
changing conditions, system thinking supports adaptive management strategies. By
continuously monitoring the system and its responses to interventions, stakeholders can
adjust their approaches based on what is learned. This dynamic process is particularly
relevant in Northeast Nigeria, where conflict, hunger, and other factors create a constantly
evolving situation that requires flexible and responsive management strategies. By
illuminating the interconnectedness of system components and the underlying structures
that perpetuate these issues, system thinking provides a foundation for developing
sustainable solutions, informing policy, fostering collaboration, and guiding adaptive
management. As Goodman (2018) expressed, system thinking is not just a theoretical
framework but a practical tool for creating meaningful change in some of the world's most
pressing issues. The strength of a system dynamic model lies in its ability to estimate overall
dynamics in a system Martin and Schliiter (2015), and facilitates controlled experiments
Sterman (2001). It is important to know beforehand the advantages of strategies to be
implemented especially in the case of food security as it concerns the health of the society
and the environment. A SD model also permits an integration of both qualitative and
guantitative analyses (Wolstenholme, 1999), which makes is suitable for the study of the

food system (Ghaffarzadegan et al., 2011).

41



2.9. Conceptual Framework of Northeast Nigeria Food System Study
Figure 2.1, derived by the researcher, presents a sustainable food system framework

diagram based on Keynes, FEE, complexity, and system thinking theories. The research
framework presented here shows a detailed understanding of the multifaceted
relationship between food security and sustainable food systems, particularly within the
context of Northeast Nigeria. It employs a holistic approach grounded in a synthesis of
insights from various disciplinary perspectives and models, drawing significantly from the
foundational works of Ericksen (2008), Ingram (2011, 2019), Ingram and Zurek (2018);
Zurek et al. (2022). Ericksen (2008), Ingram and Zurek (2019), and Ingram (2019), alongside
the incorporation of Keynesian economic theory, the Failure of Exchange Entitlements
(FEE) Framework, Complexity Theory, and Systems Thinking. This comprehensive
framework endeavours to tackle the pervasive issue of food insecurity through the lens of
agroecology principles of resilience, and support for small scale farming, agrobiodiversity,
and socio-economic dynamics. This integrated perspective is crucial for addressing the
multifaceted nature of food insecurity, especially in arid regions heavily dependent on
agriculture for livelihoods. Food system resilience is important in the sustainability of
diverse species which is a desirable state that can create many social and economic gains
like the provision of valuable traditional medicinal herbs, timber, and non-timber forest

harvest or even tourism and other ecosystem services.
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Figure 2.1. Conceptual framework showing the relationship between sustainable food system components- labour, food security and biodiversity
(Agrobiodiversity) Source: Author construct
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2.9.1 Discussion of Conceptual Framework: A Systems Thinking Approach to
Sustainable Food Systems

The conceptual framework outlined in Figure 2.1 for this food system study adopts a
Systems Thinking Approach, emphasizing the interconnectedness and dynamic interactions
among environmental sustainability, economic viability, social justice, and external factors.
Collectively, these components lead to the system outcomes of sustainable food and

nutritional security, social health, and enhanced human health.

Environmental Sustainability

The environmental sustainability component of the framework emphasizes critical
elements such as land and soil quality, forest preservation, biodiversity conservation,
production of diverse diets, and robust farming systems. Soil health directly influences
agricultural productivity and biodiversity, facilitating resilient farming systems. Forest
ecosystems contribute significantly to biodiversity, supporting agroecological resilience by
providing essential ecosystem services and diverse food sources. Biodiversity plays a
pivotal role in ensuring food system resilience and adaptation, particularly in the face of

climate variability and extreme events.

Economic Viability

Economic viability within the framework is tied to factors including income levels, food
pricing, employment and labour stability, food distribution networks, and agricultural
yields. Income opportunities for small-scale farming households and agricultural
communities directly influence economic resilience. Efficient food distribution systems and
stable employment contribute significantly to food price stabilization, enhancing overall
economic sustainability. Agricultural yields, influenced by environmental sustainability
practices, directly impact economic outcomes, underscoring the interconnectedness

between economic viability and environmental health.

Social Justice

Social justice considerations in this framework are represented by community
development initiatives, cooking skills enhancement, preservation of cultural and food
preferences, education, peace and stability, and traditional knowledge. Community

development fosters robust social networks and sustainable practices, significantly
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impacting food security. Enhanced cooking skills and traditional knowledge help preserve
dietary diversity, nutritional security, and cultural heritage. Education plays a crucial role in
addressing employment and labour market stability, ultimately enhancing community

resilience and equity within the food system.

External Factors

The framework acknowledges the influence of important external factors such as energy
availability, climate change, health care systems, and innovation and research. Climate
change represents a major external driver affecting all components within the food system
through its impacts on environmental conditions, agricultural productivity, and food
availability. Innovations and research are integral to developing adaptive strategies and
enhancing resilience across the system, while stable healthcare system is foundational to

societal well-being and food security.

Agroecology Components and System Outcomes

Agroecology principles embedded within the framework underscore the integration of
ecological science with agricultural practices to create resilient food systems. This approach
supports diverse diets, social justice for the smallholder farmers, enhances soil fertility, and
fosters sustainable agricultural practices. These agroecological components feed into the
broader outcome of achieving sustainable food and nutritional security alongside improved

societal wellbeing.

Employing a systems thinking approach, this framework highlights the complex, dynamic
interactions and feedback loops among environmental sustainability, economic viability,
social justice, and external factors. By addressing these intricate relationships, the
framework provides a robust basis for developing interventions aimed at fostering
resilience, sustainability, and equitable outcomes within food systems. Such an integrative
and adaptive perspective is essential for effectively managing food system challenges in an

increasingly unpredictable global environment.

Drawing from the contributions of Ericksen (2008), Ingram (2011, 2019), and Ingram and
Zurek (2018), and supported by the insights from Currie et al. (2018), this research

framework positions the enhancement of agrobiodiversity and ecosystem resilience at the
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forefront of sustainable food security strategies. It champions the adoption of mixed
cropping and farming practices among smallholder farmers as a means to improve food
availability and diet diversity, augment incomes, employment and foster biodiversity. By
integrating the principles of Keynesian economics, the FEE framework, complexity theory,
and systems thinking, this approach offers a robust foundation for exploring the intricate
issue of food insecurity in Northeast Nigeria. Because there is high unemployment and food
insecurity in Nigeria, encouraging poor farmers to produce diverse food crops on their
lands will go a long way to providing them with the necessary food, and income from

working in other people’s farms and the sale of excess produce from their own farms.

The complexity of the food system and its influence on food security necessitates the
application of System thinking and applying System causal loop diagram as a strategic
analytical tool. This model facilitates a holistic examination of food systems as an open
system, enabling the identification of dynamic interactions, system drivers and outcomes,
and potential leverage points for policy intervention. Despite its challenges, including the
delineation of system boundaries and overcoming participant resistance to changing
mental models (Currie et al., 2018), CLD stands out as essential for crafting nuanced policy
recommendations that resonate with the intricate socio-economic fabric of Northeast
Nigeria. This methodological approach addresses the limitations of static models by
capturing the dynamic feedback and nature of food systems, thereby providing a more
accurate and comprehensive analysis of policy impacts over time. Furthermore, the
integration of Complexity Theory and System Thinking enhances the ability of the
framework to navigate the multifaceted relationships between food system components.
This includes recognizing the external factors such as health status, educational
attainment, climate change, and macroeconomic policies- in shaping food system
outcomes. By considering these broader influences, the framework offers a holistic view of

the challenges and opportunities within food systems.

The application of systems thinking, informed by the critiques of Currie et al. (2018),
alongside a participatory learning approach, aims to bridge the gap between stakeholder
perceptions and the complex realities of food systems. This methodology encourages
stakeholder engagement in the modelling process, facilitating a collective understanding

of food system intricacies and co-creating sustainable solutions. Acknowledging the
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limitations and potentials of a systems thinking model, as discussed by Currie et al. (2018),
the research adopts a participatory learning approach while engaging stakeholders in the

modelling process. This approach aims to overcome resistance to changing views.

The framework shows how improvement in the food system can promote sustainable
development - food security, employment, and biodiversity. There are factors outside the
scope of this study that influence the key factors of the study: food security, labour, and
biodiversity. Outside agriculture, food security is affected by health of an individual,
cooking skills and socioeconomic characteristics like education. Biodiversity is affected by
climate, soil, population, and energy, while labour is affected by macro-economic factors
like employment policies. This research framework underscores the critical need for a
multidimensional approach to food insecurity, highlighting the interconnections between
dietary diversity, agrobiodiversity, labour dynamics, and broader socio-economic factors.
By elucidating the complex interplay of these elements within the context of Northeast
Nigeria, the study aims to contribute valuable insights and policy recommendations for

enhancing the resilience and sustainability of food systems in similar settings globally.

Considering this, the research focuses on key areas: the degree of food insecurity and
dietary diversity (DDS measure), the interlinkages among food system biodiversity, labour,
and food insecurity, and the potential of policy interventions to promote agricultural
diversity, employment, and food security. By addressing these areas, the framework not
only contributes to the scholarly discourse on food security, but also provides actionable
insights for enhancing the resilience and sustainability of food systems in Northeast Nigeria
and beyond. It seeks to identify policy interventions that can simultaneously promote
agricultural biodiversity, generate employment, and enhance food security, thus

contributing to the academic discourse on sustainable food security.
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2.10. Review of System Dynamic Modelling Approach Applications
The earlier application of system dynamics was in business management (Shepherd, 2014),

but it has been applied to health care (Atkinson et al., 2015; Bagnall et al., 2019; Carey et
al., 2015; Cavana & Clifford, 2006; Currie et al., 2018) transportation (Wang & Zhang,
2017) auto mobile industry (Gorbea et al., 2011); government policy (Cavana & Clifford,
2006; Charalabidis et al., 2012; Currie et al., 2018), energy (de Mello, 1991; Musango et al.,
2014, 2019), city and city welfare studies (Cavana & Clifford, 2006; Ghaffarzadegan et al.,
2011; He et al., 2006), and Agriculture (Turner et al., 2015).

The importance of employing system dynamic modelling in food system studies for
effective welfare and food security policy have been emphasized by several researchers
(Guma et al., 2017; Hammond & Dubé, 2012)). Though food system and food security are
fundamentally complex systems, most researchers have employed static models and
studied each as a standalone subject. System thinking and complexity tools are needed to
treat food security and food system as open systems to improve our understanding of the
problems to be able to proffer appropriate solutions (Dunne & Edkins, 2008; Paterson
Guma et al., 2016). One reason food insecurity has persisted may be as a result of limited
research evidence, and more so, the limitation in methodology of the research evidence
guiding the policy. Prevalent mathematical and econometrics modelling of the agri-food
sector, largely, the macroeconomic general equilibrium model has been helpful in
improving understanding and providing answers to food insecurity problems (Dunne &
Edkins, 2008). However, these equilibrium models are not built to accommodate some of
the uncertainties and dynamics of societal behaviour and economic development that
characterize real-life situations (Dunne & Edkins, 2008). They are designed to make
predictions based on unreal assumptions of non-equilibrium dynamics, rendering it
unsuitable for capturing real-life rich interactions between components of systems, market

failure dynamics, or any irrational expectations (Hammond & Dubé, 2012).

System Dynamic Modelling (SDM) has been applied in different aspects of studying food
system and food security. Oliva and Revetria (2008) used the SDM to model the cold chain
management of the supply of food with the aim of identifying how best the processing,
package and distribution can be done to improve the safety of food. SDM has been

instrumental in improving the understanding of food chain complexity and in addressing
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the challenges of sustainability policies in the food system (Pasqualino R et al., 2019.) .
Tsolakis and Srai (2017) used annual cereal production and consumption ratio as a proxy
for food security, concluding that small farmers will not only help achieve food security but

also improve environmental sustainability.

Although SDM is an important tool in understanding complex system, it is important to
note that there are limitations to the use of this tool. Currie et al. (2018) in their review of
SDM application in different fields of study identified that there is unwillingness on the part
of the participants to challenge their mental models and that the level of complexity which
comes with system boundaries are not easy to set. But the problem of participants holding
to their deep-rooted views, which is not an inherent problem of SDM, can be surmounted
through a participatory learning process. These analytical tools will aid this work in making

nuanced policy recommendations appropriate for the complex society.
The next chapter which is the methodology chapter presents the various data collection

tools, methods and processes, and the data analytical tools used to derive the objectives

of the study.
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Chapter 3: Research Methodology
This section describes the study area, the sampling procedure, data collection and analysis.

It also presents the justification for the methodology used for this research. This research
used both qualitative and quantitative research methods as part of the transdisciplinary
research methodology used to study the sustainability of the food system in Noth-East

Nigeria.

3.1. Description of the Study Area
Nigeria lies between latitude 4°N and 14°N and longitude 3°E and 15°E. The study was

carried out in Northeast Nigeria, which comprises of six (6) states, Borno, Yobe, Taraba,
Gombe, Bauchi and Adamawa (Figure 3.1). The selected case-study states, Gombe and
Taraba are marked in purple. Worldometer (2019) projected the population of Nigeria to
be about 202, 211,000 on the 27t of September 2019, out of which about 13% (25,554,800)
live in Northeast Nigeria. The Northeast geopolitical zone of Nigeria covers 280,419Km?,

which is about 33% of Nigeria’s total land area (923,769Km?)(National Population

Commission, 2006; Sources & Traits, 2010).

Annual rainfall in the Northeast is about 25 inches, and average temperature is about 34°C
(Dunbar & Udo, 1972). This geopolitical zone shares international boundaries with the
Niger Republic to the North, Republic of Cameron to the East and Republic of Chad to the

Northeast. The average absolute poverty rate in the Northeast is 69 % as against the 60.9%
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national average making this region the poorest region in Nigeria. The situation is not
improving. In 2021, The Punch newspaper, noted that over 70% of the people in the
northeast are poor. In Adamawa, 74% of the people were poor, and 70% of the people in
Yobe were said to be poor, and the poverty rate in this area was said to be as high as twice
the other regions of Nigeria which was 38%. Coupled with the conflict in this region, food
security has remained a major concern (Nyako, 2015). Livestock including poultry, pigs, fish,
cattle, sheep, and goats are reared by households in Northeast Nigeria. Many households
keep different small livestock like local fowls in their homes for subsistence and traditional
ceremonies. The main crops produced in Northeast Nigeria include cereals such as rice,
maize, millet, guinea corn; vegetables such as fluted pumpkin, pumpkin, amaranthus, and
pepper; roots and tubers like potatoes, cassava, yam, legumes including melon, cowpea,
pigeon pea, yam bean, kidney beans etc. Though crops harvested in Nigeria are largely
seasonal due to dependence on rain for farming, most foods are available at all times due
to storage. According to the USDA crop calendar for Nigeria, there is the main harvest
season and mid harvest times. So, harvest for different foods happens at different time due
to the mixed cropping season practice by farmers in Nigeria. These different harvest

seasons also make food available all through the year for the farming households.

Sources of food in the Northeast Nigeria food system is dominated by forest food harvest,
food purchased from local markets, and food produced by small-scale farmers practicing
mixed farming and mixed cropping. Although there is little monocropping going on in this

area, mixed crop farms provide most of the foods eaten in Nigeria (Sabo et al., 2017).

Most of the households in northern Nigeria are in polygamous relationships and,
consequently, have larger household sizes and more people to feed compared to other
regions of the country (Owoo et al., 2017). The Northeast records the highest poverty,
illiteracy, food insecurity and civil unrest rate in Nigeria. Consequently, it has been the focus
for international humanitarian assistance for some time. Households in Northeast Nigeria
generally consist of farmers, who, predominately practice mixed farming and a mixed
cropping pattern like most Nigerian farmers (Ndaeyo et al., 2001). Most Nigerian farmers
depend solely on rain-fed agriculture for their livelihoods. So, most foods, especially fruits
and vegetables, are seasonal (Ecker et al., 2018). Farm holdings are generally less in size
than five hectares of land in Nigeria and, have mostly a combination of inherited and

purchased land (Liverpool-Tasie et al., 2011).
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Figure 3. 3 Methodology for developing a sustainable food system dynamics model for food
security in Northeast Nigeria
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The research methodology diagram shown in Figure 3.2 represents a structured approach
used in this study to analyse the food system in Northeast Nigeria, from initial literature
review to the evaluation and revision of the system dynamics model. The process flows
from quantitative and qualitative data collection to more detailed modelling and testing,
followed by validation and iterative improvement. Below is a step-by-step discussion,

integrating the literature review as a possible initial step:

Prior to the data collection, a literature review was conducted to establish a foundation of
the existing knowledge about the food system and food security in Northeast Nigeria. This
step informed the subsequent design of the data collection, system thinking process for
the food system feedback loop diagram development, analysis and the discussion of the
research findings. System thinking is used to map out the feedback loops and causal
relationships within the food system. This step involved engaging with stakeholders to
understand the food system's dynamics. The steps help to facilitate the identification and

understanding of the system elements, drivers and outcomes, feedback loops and causal
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relationships within the system. The information derived from stakeholder consultation is
used to construct a CLD, which visually represents the feedback loops and causal
relationships identified. This structural framework serves as a blueprint for the study of the

systems interactions.

A discussion guide for Focus Group Discussions (FDG) was employed to steer the
conversations with the researcher to extract detailed insights into Nigerian Agricultural
policies and the food system. The focus of this discussion was on Nigerian food security
policy thrusts and the sustainable food system goals which covers the first objective of the
study. Questionnaires were used to collect household level primary data on food
production and sources, consumption patterns and the food security situation from the
households in the study area. Data from the focus group discussion and household survey
used in realising the second objective of the study, were employed in supporting the

development of the system feedback loop diagram.

The final step in the flowchart shown in Figure 3.2 is the evaluation of the model and
making necessary revisions. This involved adjusting the model based on the outcomes of
the validation and tests to better reflect the reality, and to ensure that the model is useful
for decision-making. This iterative process with the model development participants helps
to refine the model for better accuracy and reliability. The process is iterative, particularly
the final steps involving model validation and revision, suggesting the use of a feedback
loop to refine the model continually. The methodology used is iterative and dynamic,
incorporating continuous feedback and adjustment to refine the model. This iterative loop
ensures the model remains relevant and accurate as new data and insights are gained in

the process.

3.2. Sampling methods used
A multistage random sampling technique was employed in picking the households for the

study. First, two out of the six states were selected. Second, two agricultural zones were
randomly selected from the selected states, making a total of four agricultural zones. Third,
two Local Governments Area were randomly selected from each of the zones, making a
total of eight Local Government Areas (LGAs). Fourth, two communities were selected from

each of the LGAs, making a total of 16 communities. Finally, 25 households were randomly
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selected from each of the selected 16 communities to give a total of 400 households for
the study. However, eventually, the study obtained data from 375 households, as data
collection was seriously interrupted by the COVID 19 lock down. The study used regular
households base on the National Population Commission, (2006), which exclude the
homeless and people living in the Internally displaced person (IDP) camps. Hence,
institutional households like orphanages and the homeless did not form part of this study.
Six focus group discussions were also held in the four selected agricultural zones. The
stakeholder’s consultation was also used in developing the mental model for the causal

loop diagram of the food system.

3.3. Data collection
The study used both qualitative and quantitative primary data. The qualitative data were

gathered through focus group discussions in the study area. These focus group discussions
looked at the effectiveness of the current agricultural policy thrusts on food security, in
terms of achieving the needed sustainable food system goals. The results on the
effectiveness of the policy trusts are employed in the dynamic modelling of the food system
that followed to identify potential sustainable food system interventions. This discussion is
important in forming a relevant mental model of the food system. This study also carried
out a field survey on households’ socioeconomic characteristics, farming activities, forest
food harvest and food security in Northeast Nigeria. The data analysis used both inferential

and descriptive statistics.

Hence, data for this study was collected through three sources- households survey data
collection using a structured questionnaire which served as an interview schedule, focus
group discussions and stakeholder consultation. Prior to data collection, the planned
methods and nature of data to be collected, analysed, and stored went through the

University of Reading’s ethical clearance procedures successfully.

3.3 Impact of COVID-19 on Households in Nigeria and the Survey Result procedures

The COVID-19 pandemic had profound effects on household in Nigeria, reshaping their
livelihoods, agricultural practices, and overall well-being. The disruption in supply chains,
limited access to markets, and the challenges of adhering to health guidelines have

significantly affected their productivity and income levels. Furthermore, the pandemic has
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exacerbated pre-existing vulnerabilities such as limited access to agricultural inputs and
information, financial services, and technology. These adversities have likely influenced
their perceptions and responses in these surveys, potentially highlighting an increased
awareness of risks, a greater appreciation for food system and resilience-building measures
such as diversification and innovation and, possibly, a shift towards more sustainable
practices. Understanding these shifts is very important for interpreting results, especially
the emotions and enthusiasm in the selected quotes, as the experiences during the
pandemic could have altered farmers' priorities, concerns, and their outlook towards

agriculture and external support systems.

To minimize the risk of COVID-19 infection and spread during the survey and data
collection, several safety measures were implemented: (a) discussions were held outdoors,
(b) hand sanitizers, face masks, and handwashing facilities were readily available, (c) social
distancing was maintained during interviews, and (d) participants' temperatures were
checked before they took part, with instructions to report any COVID-19 symptoms to the

organizer.

Table 3. 1.Timeline and Methodology of Sustainable Food System Research in Northeast
Nigeria (2020-2021)

Data collection Data collected Units Date
method
Household survey | Demographic characteristics, | Households March — April 2020

Food sources, farming
practices, forest food, DDS,
food consumption patterns

Focus group Effectiveness of Nigerian Agroecological zones October -
discussion agricultural policies in November 2020
achieving sustainable food
security
Stakeholders’ Food system modelling data | Farmers, extension December 2020 -
consultation agents, agricultural February 2022

policy makers and
researchers working in
the Northeast Nigeria
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3.3.1 Household survey data collection
Due to inadequate and unreliable food security secondary data in Nigeria, this study

collected household level primary data from sampled households. DDS module was used
to capture the number of food groups the household consumed in the last 24 hours before

survey.

Semi-structured questionnaires were used in collecting detailed quantitative data from the
households by the researcher and other trained field workers (See Questionnaires listed in
appendices). Household level data collection lasted for three months, between February
and March 2020. Data were collected on the demographic characteristics of the
households, crop and animal production, food distribution, food consumption, food
sources, subsistence share of food, farm labour, dietary diversity, crop and animal
production diversity, income, land ownership and tenure. This data was used to study the
food security situation of the households and build the system dynamic model of the food

system.

The Dietary Diversity Score (DDS) module was used in assessing households’ food security
status. Standard statistical tools, and system feedback loops in Vensim were used in
exploring the interactions between the food system and food security. Vensim is a

specialized system dynamic software for system modelling.

3.3.2 Setting and participants for focus group discussions.
The research was carried out in Taraba and Gombe states located in the Northeast

geopolitical zone of Nigeria. The zone is plagued with food insecurity and also Boko haram
insurgency. In the Northeast, 83.6% and 68.6% of the households are involved in crop and
livestock farming respectively. There are multiple languages in use in this region, with
Taraba state alone having over 80 languages (Online Nigeria, 2003). After consulting with
the Agricultural Development Project Offices in Gombe and Taraba State, two enumerators
conversant with the language common in area of study were contacted for assistance. The
areas selected for the study covered three agricultural zones in each of the states. The focus
group participants were adult males and females. The inclusion criteria required that
participants were over 18 years of age, responsible for their household’s food provisioning

and actively involved with their household and farm decision-making. As it has been
56



reported that there are underage marriages, household heads below the age of 18 years
were excluded. Persons below the age of 18 are not an adult and the discussion was
designed for an adult who is capable to give their consent. To account for this, our criteria
for participation was physical observation and self-confirmation of age. The age range of
the participants was 22 to 56 years; the average age was 47 years. The groups comprised
of adults with, and without, formal education. Most of them had a primary school

education (28%) but very few had University education (6%).

Participants were recruited through the support of their village heads (Mee angwa). The
participants were randomly selected from the list of farmers provided by the village heads.
The participants were informed about the study a week before the meeting, and a
reminder was sent a day before the discussion. Each identified participant who expressed
interest was met by the enumerators to inform them of the topic of the discussion. To
ensure that the topic of discussion and procedure would be well accepted in the
communities, the content of the discussion guide was presented to the community heads.
Additionally, the researcher visited the six sites for the discussions to explain the study to
the interested participants who were invited for a pre-discussion meeting. Through these
pre-meetings, the researcher took note of concerns and contributions that the community
thought is important for the study. Most of them indicated labour subsidy and free medical

treatment as a way out of their problems.

Two young natives of Taraba State, fluent in both the multiple languages of Taraba and
Gombe and English, led the discussion alongside the researcher?!. These fieldworkers were
trained for three days in qualitative research methods and research ethics. For each focus
group discussion, there was a Facilitator and a Notetaker. The training covered the
overview and objectives of the study, note taking, and how to facilitate discussion without
leading the opinions of the discussant and not to be judgmental. The last day of the training
was used for field testing. They were to get the discussants focused on the topic of the
discussion, keep timing, and to carry along the members of the group in the discussion.
They were to be observant and take notes of important points. The discussion guide was

used for the training. In addition to the researcher, the enumerators present were

! The discussions were conducted largely in Hausa, Jukun, Tiv, Fulani, Tangale, and Mumuyi
languages with occasional translation to and from English.
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individuals that have experience working as research field workers in this area whom the
participants trusted. Back translation was used to ensure accuracy and consistency in the
meaning of the key terms in the discussion guide. Qualitative data on food systems and
food and nutrition security was collected from stakeholders and through focus group
discussion in the study area and prepared for analysis between October 2021 and April
2022. The focus groups consisted of household members in charge of food provisioning.
The qualitative data was designed to provide deeper understanding of the interactions in
the system, and mutually and socially appropriate mental models of key information for

dynamic modelling.

Given the number of groups and the large amount of information that would be gathered
from the six focus groups discussions using the interview guide (see discussion guide in
appendices), a 5-point Likert scale was used to help manage the data. The 5-point scale (1—
very ineffective, 2— ineffective, 3- moderately effective, 4- effective and 5- very effective)
was used to get a nuance understanding of the difference in categories of effectiveness of
the policy thrusts. The scale also was used to gain insight into how the participants feel and
make sense of the policies and its level of impacts. The recorded discussion gave more
meaning to the numbers on the scale. The scale gave clear distinction in the perceived
effectiveness of the different policy thrusts. So, with the scale, it was clear whether a policy
thrust is effective or not, and the extent of its’ effectiveness. It also helped to reduce the

impact of the researcher’s view on the interpretation of the discussions.

3.4 Selection of Thematic Quote
The selection was done under the different policy thrust themes which made it easy to

discuss the outcomes and the rankings from the focus groups. The discussion outcomes
were presented based on the clusters of concepts identified within each of the policy
thrusts using Nvivo. In the results presentation, attention is given to comments and
concepts that participants showed intense emotion or enthusiasm in their responses, and
concepts that were brought up by different people and different groups. The themes were
checked against the dataset to ensure the purpose of the study is achieved, and the
selected quote accurately represents the collected data. Understanding the essence of
what the data captured about the theme, and how it relates to the research question,

compelling quotes TO COVER THE POSITIVE AND THE NEGATIVE ASPECT OF THE THEME,
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from the data within each theme that best illustrate or represent the core of the theme
were selected and presented. The selected quotes provide clear examples that convey the
participants' perspectives or experiences relevant to the theme. The selected quotes were
used in the final analysis and report to support the thematic findings from the discussions.
This thematic selection process brings the participants' voices to the forefront, enriching
the research findings with direct evidence from the data. The discussions behind the
categories were used to get as many nuances as possible rather than just reducing the

discussions to few quantifiable codes.

Likert Type Scale for the Coding of the Effectiveness of APA

The modal of the scale was reported alongside the mean scores from the scale. The mean
score of the scale rating for any policy thrust was calculated as the sum of the number of
respondents (groups) multiply by the number on the scale rating. For each of the policy
thrusts, the level of effectiveness was calculated by multiplying the number value of each
point on the scale by the number of group(s) and then divided the outcome by the total
number of respondents (groups). For this study, six focus group discussion were
conducted. So, the mean score for each policy thrust is calculated as presented in Table

3.1.

Table 3. 2 Policy thrust effectiveness scale rating and the example of how it was calculated

Scale Scale value Number  Total (number of group x scale
of groups value)

Very ineffective 1 2 2

Ineffective 2 1 2

Moderately effective 3 1 3

Effective 4 0 0

Very effective 5 2 10

To get the mean score for this example, the totals (2+0+3+0+10 = 17) is divided by the number of

groups =17/6=2.8

To determine the mean cut-off for this analysis, the sum of the scale value was divided by
the number of groups ((1+2+3+4+45)/6 +15/6 =2.5). A score below 2.5 is considered
ineffective, a score above 2.5 is considered effective and a scale of 2.5 is moderately
effective. However, since the score is calculated from five points on a scale, using the
interval scale of 0.05, the upper limit cut-off is 2.5+0.05 = 2.55 and the lower limit is 2.5-
0.05 = 2.45. So, any mean score above 2.55 is considered effective and any score below

2.45 is considered as ineffective, while those between 2.45 and 2.55 are considered
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moderately effective. Given that the scores were derived from a five-point scale, an interval
scale of 0.05 was used to define a more precise range around the mean score. This method
accounts for minor variations in the data, ensuring a clearer differentiation between
categories. This approach ensures a rigorous and clear interpretation of the data, allowing

for more accurate assessments and decisions based on the established cut-off points.

A total of 33 participants distributed from 5 -7 persons per focus group were involved in
the study across the six study sites. There were three sites in each of the selected states -
Jalingo, Gassol, and Gashaka in Taraba and Kaltungo, Billiri, and Gombe in Gombe state.
The discussion guide was designed to elicit information and participants’ views about the
policies driving the food system. Each discussion session lasted between 90 — 120 minutes
and was held in the evenings in rented halls or open spaces that belonged to the primary

schools central to the participants place of residence.

Due to the low literacy level in the study area, informed consent was obtained verbally
from each participant in the preferred language of the participant. The participants were
informed that they could leave the discussion when they wanted. Participants were given
a meal cost and travel cost to the study site equivalent. All names in this study are pen
names The recorded discussions were transcribed verbatim traditionally (by humans) to

text in the English language.

The researcher met with the enumerators before and after each discussion to go through
the recorded discussion and learn the concerns raised and then sent the recordings to the
enumerators for transcription. The research instruments procedure and discussion guide

were approved by the University of Reading Research Ethics procedure.

3.5 Consultation with Stakeholders Using System Thinking in the Dynamic Modelling of
the Food System of Northeast, Nigeria
The development of the food system model for Northeast Nigeria utilized a comprehensive

stakeholder consultation approach, integrating inputs from a diverse group of participants,
including two farmers (small and medium scale), an Agricultural Extension agent, an
agronomist, a food scientist, and an agricultural economist from Nigerian universities. This
collaborative effort was designed to accurately represent the complexities of the real

system. Stakeholders ranged in age from 38 to 73 years of age, and engaged in the
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modelling process through online discussions via Zoom, phone calls, and emails from
October 2020 to February 2022. This iterative process was crucial for refining the mental
models of the system, ensuring they closely mirrored reality and facilitated stakeholder
participation in modelling, which is vital for fostering confidence and building in the system,
clarifying misunderstandings, and, through a system thinking approach, enhancing the

participants' understanding of the system.

Ruben and Verhagen (2019) emphasize that food systems analysis benefits significantly
from interdisciplinary support, leading to innovative outcomes and more relevant insights.
Involving non-scientific stakeholders in the research process enhancing feedback and
creating stronger linkages to policy and practice. Broad stakeholder consultation and
knowledge exchange are essential for understanding the adaptive processes reliant on the

interaction between technical and behavioural drivers of food system change.

System thinking approaches play a pivotal role in bridging the knowledge gap within the
food system: connecting experts in research and policymaking with farmers to facilitate a
comprehensive understanding of the system. This approach ensures the elicitation of
relevant information from stakeholders, enabling proactive exploration and identification
of the needs of all stakeholders in the food system, thus building connections, trust,

confidence, and buy-in for research outcomes.

One challenge of the system thinking approach is the difficulty in defining the system's
boundaries at the start of the model-building process. However, unlike the adoption of pre-
developed models, which limits stakeholder participation to providing feedback on existing
structures, the system thinking approach allows for a more detailed and insightful
representation of the system. This leads to emergent properties within the system, which
are considered strengths of this approach. It is crucial for exploring system information,
history, memory, and relationships within the system. The application of system thinking
was motivated by the observed disconnect between policy targets and achievements,
highlighting a gap between the needs and knowledge of the people, and the perceptions

of policymakers.

61



The stakeholder consultation described above was instrumental in gathering information
from the involved parties, enabling the collection of diverse, real-life insights. Addressing
the issue of food insecurity requires comprehensive information on the relationship
between food insecurity and the food system. The application of system feedback/causal
loops diagrams, based on qualitative data from stakeholders, aims to enhance
understanding of the system's linkages, interactions, and relationships, as well as the

balancing and reinforcing loops, thereby informing the behaviour of the entire system.

The study leveraged data from causal loop diagrams, focus group discussions, and
literature reviews to identify adaptive policies for improving the food system's behaviour
towards achieving desired outcomes such as food security, improved biodiversity, and
income. This approach provided insights into the root causes and consequences of the
current food system issues, enabling the identification and correction of faulty mental
models that have perpetuated these problems and identifying necessary interventions to

achieve food security.

The focus of the main researcher conducting this research has been on addressing food
insecurity in Northeast Nigeria, leveraging her expertise in Agricultural Economics and
Sustainable Agriculture. Having lived in the region, she brings firsthand knowledge of the
local culture and food practices into her research on food security. Throughout her study,
she practiced reflexivity, critically examining how her academic and social backgrounds

might influence her research outcomes, ensuring the integrity and reliability of her findings.

The study highlights the significant role of politics and power dynamics in engaging with
stakeholders across various sectors and levels. The researcher took deliberate steps to
acknowledge and mitigate potential power imbalances by fostering transparent
communication with all participants. This approach facilitated respectful and equal
participation and dialogue, with each stakeholder having the opportunity to present and
contribute, enhancing the study's cultural sensitivity and relevance. The discussion was
carried out in a way to ensure that the engagement does not reinforce existing inequalities

or marginalize certain voices.
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To further ensure the study's integrity, the researcher adhered to the steps for developing
the Causal Loop Diagram (CLD) meticulously, aiming to minimize any bias her background
might introduce into the results. Managing these dynamics was crucial for co-creating
knowledge and empowering participants. By addressing ethical considerations, power
dynamics, and political issues with a keen awareness of her positionality, and adhering to
approved research ethics, the researcher aimed to conduct a study that was ethically

sound, culturally sensitive, and impactful.

3.6. Data Analysis
This study employed both descriptive and inferential analytical tools. The study used DDS,

descriptive statistics, and system causal/feedback loops to study and understand the food
system.

Table 3. 3 Alignment of Research Objectives with Analytical Tools

Research Objectives

Data

Data collection
tool

Analytical Tools

household, food
consumption
patterns

l. Explore the perceived Alignment of policy Focus group Descriptive

effectiveness of the APP policy thrust to sustainable | discussions. statistics (Likert

interventions to sustainable food system goals scale) and

food system goals. Selection of
thematic quote
using Nvivo

I. Ascertain the food and Access to diverse Household food | DDS, descriptive

nutritional security situations of | diet, presence of system and food | statistics

households. hidden hunger, food | security (percentage and

sources for guestionnaire frequency)

M. Estimate from
causal/feedback loop diagram,
the key outcomes and driver
variables of the food system,
and the intervention
opportunities in the food
system to realize sustainable
food security.

The dynamic
relationships within
the food system.
Identify the Main
drivers and key
outcome variables of
the food system

Stakeholder
consultation

System thinking
tools
- Mental Model
-CLD

Table 3.3 presents the study of objectives, and the analytical tool used in achieving the
objectives. In line with the objectives of the study, the data analysis was designed to
provide insights into the food and nutritional security situations of households in Northeast
Nigeria. Interlinkages between various components of the food system and food security,
were explored to identify the drivers and outcome variables of the food system. Following

a rigorous data cleaning process to ensure the integrity and accuracy of the collected data,
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a detailed analytical approach was adopted to address the objectives of the study and key

research questions.

To ensure all data entries were complete and logically consistent, missing values were
identified and appropriately handled through imputation techniques or exclusion,
depending on their extent and nature. Outliers were identified and assessed to determine
whether they represented legitimate variability or errors, and appropriate actions, such as
removal, were taken based on their impact on the analysis. Data was converted into the
required format or structure, including encoding categorical variables, aggregating data
points, and creating new variables to better capture the constructs of interest. Consistency
checks and audits were conducted to ensure that the data cleaning steps were applied

correctly and uniformly across the dataset.

With a clean and reliable dataset, a comprehensive analytical approach was implemented
to address the study objectives and research questions. Descriptive statistics were used to
summarize the basic features of the dataset, including measures of central tendency
(mean, median, mode); measures of variability (standard deviation, variance, range), and
frequency distributions; providing an overview of the data characteristics, and identifying
initial patterns. Exploratory data analysis was carried out by visualizing the data through
graphs and charts such as histograms, box plots, scatter plots, and heat-maps. This helped
to uncover underlying structures, relationships, and trends within the data, guiding the

subsequent phases of analysis.

Objective I: Assess Households’ Perception of the Effectiveness of the APP on Sustainable
Development Goals.

This objective explored the APP policy thrusts for their ability to promote the cultivation of
diverse crops and livestock, promote biodiversity and forest food harvest, diverse diet, and
conservation, while concurrently generating employment opportunities, income for

farmers, and bolstering food security.

Objective 2: Ascertain the Food and Nutritional Security Situations of Households
To evaluate the food and nutritional security situations of households, we analysed

consumption patterns across different food groups, focusing on macro and micronutrients
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such as iron, vitamin A, animal proteins, and carbohydrates. This analysis aimed to shed
light on the presence of hidden hunger. We also investigated the main sources of food-
whether through purchase, self-production, gifts, or aid- and evaluated the contributions
of forest and farm foods to household consumption. The assessment extended to the
consumption of traditional versus western foods and food intake outside the home. The
Dietary Diversity Score (DDS) was employed as a key metric to ascertain household food

and nutrition security, effectively highlighting instances of hidden hunger.

Following Kennedy et al. (2011), guidelines for measuring household and Individual Dietary
Diversity Score (IDDS), this study employed the adapted DDS module in lke (2015).The
adapted module was developed and used in capturing food security in Taraba state located
in Northeast Nigeria (see Appendix 1: Food system and food security Household
guestionnaire). The adaptation process took place in Taraba State, located in Northeast
Nigeria, to ensure relevance to local conditions. lke (2015) employed seven focus groups
and visited two food markets to identify foods consumed in the region. The selected
markets included one urban location, Jalingo Main Market, and one rural location,
Dananicha Market. Food sellers in these markets were interviewed to document the names
of the foods available. For this study, the adapted questionnaire from lke (2015) was
presented to enumerators during training sessions conducted across the Northeast states
where the study was carried out, to ensure its validity. During these training sessions and

subsequent pilot testing, it was confirmed that no further adaptations were required.

Descriptive statistics, including percentages and frequencies, facilitated a comprehensive
analysis of household and farm characteristics, enabling a nuanced understanding of food

and nutritional security dynamics of North East Nigeria.

Objective llI: Identify the Drivers and Outcome Variables of the Food System

Using a Causal Loop Diagram, we identified key intervention opportunities within the food
system that could lead to sustainable food security. This analytical tool helped in
understanding the interrelationships and linkages between different elements of the food
system, highlighting main drivers and key outcomes. The analysis focused on identifying

sustainable practices and policy interventions that could enhance food security while
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maintaining ecosystem health and socioeconomic well-being. The study analysed causal

feedback and the use/cause tree diagram of the dominant loops of the food system.

3.7. Key research questions
These following research questions were designed for an in-depth investigation into the

complex interactions within the food system to facilitating a comprehensive understanding
of the complex dynamics at play in Northeast Nigeria's food security situations, and to
understand underlying patterns in the food system, causes, and implications. These
research questions were largely derived from the literature discussed earlier.
1. What strategies and policy interventions can be identified and assessed for their
ability to promote the cultivation of diverse crops and livestock, while concurrently
generating employment opportunities, income for farmers, and bolstering food

security, in the context of increased biodiversity?

2. Based on the DDS measure, to what extent do households in Northeast Nigeria
experience food insecurity, as measured by the DDS, particularly in relation to
varying levels of access to diverse food groups and the occurrence of hidden

hunger?

3. How do the complex interactions among food elements in Northeast Nigeria shape
the region's food insecurity patterns, and in what ways can a comprehensive
understanding of these dynamic relationships inform and guide strategies to

alleviate food insecurity and foster sustainable food systems?

3.7.1 DDS Measurement of Food Security
Food security is a complex state with different dimensions which has resulted in about 250

definitions and 450 indexes and indicators in the literature (Headey & Ecker, 2013). Over
the years, food security has been measured using proxies like income, food expenditure,
calorie intake, anthropometric data, and food production data. However, it is important
that a food security measure should be able to capture the availability and access to
nutritious food at the household or individual level to be able to reflect the reality masked
in the national/macro level data. Few food security indexes are designed to capture food
insecurity with focus on the four pillars of food insecurity: availability, access, utilization,
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and stability (lke et al., 2016). Food security literature reviewed have shown that some
measures captured a dimension of food security while others captured a combination of

two dimensions (Jacobs, 2010; Rose & Charlton, 2002).

To improve the comprehensiveness of these measures, attempts have been made to
develop composite measures to capture different dimensions of food security using a single
indicator. Some of the composite measures include: the Food Insecurity Multidimensional
Index (Napoli et al., 2011), the Rose - Charlton composite measure developed in South
Africa (Rose & Charlton, 2002), and the Global Hunger Index (Kuku-shittu et al., 2013).
These composite measures are still limited in their ability to directly measure food security
and access inequality due to reliance on macro level data and indirect measures. Composite
measures have remained limited due to the choice of indicators to be included in the
measure and the difficulty in assigning weights to the components of the measure (lke et

al., 2016; Jacobs, 2010).

The fourth-generation measures were found to provide more comprehensive results on
food security. The fourth-generation food security indicators - HFIAS (Household Food
Insecurity Access Scale), CSI (food insecurity Coping Strategies Index) and the DDS (Dietary
Diversity Score) as proposed in (Maxwell et al., 2003, 2014) for a better measurement of
food security situation have not been effectively used in African food security studies.
These measures were developed to be time sensitive, cost effective, and effective in
identifying those that are food insecure. The CSl is meant to capture the behaviour of the
food insecure, what they do when there is no or little food (Jones et al., 2013). The HFIAS
adapted from the USDA Household Food Security Survey Module (HFSSM) is designed to
capture the predictable reaction of households experiencing food insecurity (Coates et al.,
2007; Opsomer et al., 2003). So, the HFIAS captures lack of food access and anxiety over
lack of food and perceived insufficient quantity or quality of food. The HFIAS is designed to
clearly group households into food security categories- high food security, marginal food
insecurity, low food security and very low food security. Although these three key food
security measures are designed to produce comprehensive information on food security,
the DDS proposed for this study is well adapted to reflect the diversity needed in the food
system to achieve food and nutrition sustainability. Having a more diversified diet and a

more diverse food system is an important outcome in, and of, itself. DDS measure has been
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used by several researchers on food security measurement (Guasa, 2005; Ike, Jacobs, &

Kelly, 2017b; Mjonono et al., 2009).

Why the DDS
The DDS was developed by the Food and Nutrition Technical Assistance (FANTA) project of

the FAO to focus on the access and nutrition aspect of food security (Swindale & Bilinsky,
2006b). DDS is a very good instrument for measuring food security as it has been identified
as a valid instrument for measuring inter and intra household food and nutrition security
(Becquey et al., 2010; Faber et al., 2009; Hoddinott & Yohannes, 2002; Kennedy et al.,
2011; Swindale & Bilinsky, 2006b). The consumption of diverse foods has been found to
correlate well with nutritional status (FAO, 2010). There is very strong correlation between
DDS and utilisation indicators of anthropometric measures like birth weight (Hoddinott &
Yohannes, 2002). There is a very strong relationship between DDS and other desirable
nutritional outcomes like improved concentration of haemoglobin, reduced hypertension
occurrence and improved cardiovascular health (Becquey et al., 2010; Webb et al., 2006).
DDS also has a strong linear relationship with food access, availability, and nutritional
adequacy at both individual and household levels (Becquey et al., 2010; Hoddinott &
Yohannes, 2002; Kennedy et al., 2010; Swindale & Bilinsky, 2006b; Webb et al., 2006). The
correlation between DDS and other food security related factors like income of the
household, and protein consumption, adequacy of micronutrients and calories is also
strong (Becquey et al., 2010; Hoddinott & Yohannes, 2002). DDS is effective in identifying
hidden hunger, which stems from micronutrient deficiency (Kennedy et al., 2011; Kennedy,
Razes, Ballard, & Dop, 2010). In addition to being a valid measure of food security, the
DDS was developed to meet the need for a cost effective, easy to use, simple to understand
and comprehensive measure of the actual access and quality aspect of food security (lke et
al., 2016). DDS is designed to be less subjective and time sensitive as it takes less survey
and analysis time than most food security measures (Hoddinott, Yohannes & Division,
2002). It takes about three to ten minutes per household to collect the data (Swindale &
Bilinsky 2006; Ike et al, 2015). DDS, which captures the consumption of the different groups
of food, can very well reflect the production or available in the market of different varieties

of food.
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Dietary Diversity Score (DDS) Module Description
DDS captures the varieties of food consumed by members of a household within the last

24 hours prior to the research interview (Kennedy et al., 2010, 2011). The score for a
household using this indicator ranges from zero (0) for households that ate nothing within
the 24 hours, to 12 for households that ate all 16 food groups. The 16 food groups in the
DDS module are: (1) Cereals, (2) white roots and tubers, (3) Vitamin A rich vegetables and
tubers, (4) dark green leafy vegetables, (5) other vegetables, (6) vitamin A rich fruits, (7)
other fruits, (8) organ meat, (9) flesh meats, (10) eggs, (11) fish and seafood, (12) legumes,
nuts and seeds, (13) milk and milk products, (14) oil and fat, (15) sweets, (16) spices,
condiments, and beverages. The DDS is used to derive the Household Dietary Diversity
Score (HDDS), Women Dietary Diversity Score (WDDS) or Individual Dietary Diversity Score
(IDDS). For the analysis here, these 16 food groups are further aggregated into 12 different
groups of food to form the HDDS in line with DDS user guide (Kennedy et al. 2011; Kennedy
et al. 2010), used in this work. All the vegetables, fruits and meat are aggregated
separately, so, for the analysis the HDDS food groups becomes (1) Cereals, (2) White roots
and tubers, (3) vegetables, (4) fruits, (5) meats, (6) Eggs, (7) Fish and seafood, (8) Legumes,
nuts and seeds, (9) Milk and milk products, (10) Oil and fat, (11) Sweets, (12) Spices,

condiments, and Beverages.

3.7.2. The system approach measurement of sustainable food system
According to Sheane, McCosker, & Royston (2017) the most important elements of the

food system are the linkages, interactions and feedback and causal loops between the
component parts of the food system- environment, economy, and the society. The Institute
of Food Science and Technology (IFST) advocates that the complexity of the food system
means that a system approach is necessary if any meaningful and effective policy is to be
designed for sustainable development (Sheane et al., 2017). At the macro level, IFST
identified and reviewed six approaches used in food system research. These include
resource pressure, sustainable diet, sustainable economic model, sustainable economic
model of recycle and reuse, equity and decent jobs and transparency, traceability, and trust
in the food system (Sheane et al., 2017). However, at the micro level where the incidence
of food insecurity and food system inequality are felt, Sheane et al. (2017) noted that there
is no clear demarcation in these different aspects of the food system. In most cases, the

households experience the consequences of the unsustainable food system at the same
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time. The problems of food insecurity, unemployment or underemployment, poverty, poor

health, and environmental hazards exist together in most cases.

Life cycle assessment (LCA) was employed by Heller and Keoleian (2003), in assessing food
system sustainability. LCA is a material and energy resource flow analytical method
employed in assessing the resource consumption from acquisition to retirement and its
environmental burdens. This method focuses on the lifecycle stages of physical input and
output product lifecycle in the system, and their impacts on the environment, economy,
and society, with little emphasis on biodiversity in terms of agrobiodiversity and diet
diversity at the consumption stage. Value chain approaches look at the food system as a
system that is connected based on the value added at the different stages of the product
life cycle. However, according to FAO (2018b), this approach tends to focus on a particular

product, while neglecting other products and the relationships shared with these products.

There is no consensus about the tools that should be employed to assess sustainable diets
and food systems. To understand the relationships between elements within the food
system, detect gaps and problem areas that need to be addressed, monitoring progress in
addressing those gaps and helping community, stakeholders, and policymakers in
identifying the areas of concern and investments, system thinking approach has been

suggested (Hammond & Dubé¢, 2012; Sheane et al., 2017).

Potentials of SDM in Assessing a Complex System
The determinants of food insecurity are complex, which may be the reason undernutrition

is existing together with obesity. The dynamic complexity inherent in the food system
makes policy making exceptionally challenging (Hammond & Dubé, 2012). Focusing on an
aspect of the food system as the main cause of the problem may fail because changes in
one aspect of the system may be offset or reversed by responses at another point in the
system (Hammond & Dubé, 2012). For instance, if food security is promoted through farm
intensification that encourages monoculture, though food productivity may increase, but
food insecurity may also increase due to less diversity of diet and so, malnutrition and
obesity can result. Sometimes important feedback in the system that can be exploited for
improvement might go unnoticed or even overlooked without considering the dynamic

interaction of the system. The reasons many are using the SDM for a complex system
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analysis are listed as follows: the ability of the SDM to identify and account for causal
relationship, uncertainty and long-term delays between actions and effects, ability to show
the source of endogenous system behaviour, and link effects of policy to structure and
behaviour of the system (Currie et al., 2018). The ability of the SDM to integrate multiple
kinds of information to inform policy and capture the effects of proposed policies at a given

timescale makes SDM a great tool for making sense of a complex system.

System Dynamic Modelling (SDM)
System Dynamics Modelling was originally developed by Forrester around 1950 as a

powerful tool for the analysis of complex problems. This methodology was developed from
system thinking, complexity theory, information science, cybernetics, control system,
military games, organizational theory, and tactical decision making (Shepherd, 2014). It
uses a standard causal/feedback loop to develop qualitative models of a system that can
be used further for a dynamic hypothesis for a quantitative stock flow model (Pruyt, 1999;

Shepherd, 2014).

The causal loop is important in presenting the mental model of an issues to show how and
what people (relevant stakeholders) think of the causal links between concepts (Pruyt,
1999). The mental model is important in eliminating barriers to implementation of a given
policy. SDM, unlike standard statistical models, thinks of all elements in a system as
continuous quantities interrelated in causality and feedback loops with nonlinear
relationships. SDM is an interactive model capable of reproducing, on its own, the complex
problem being studied, producing appropriate real-life evidence for effective policy
recommendations. Through simulation of complex interactions in the systems, points of
intervention and opportunities will be identified with appropriate options and actions for

achieving food security in Nigeria.

The model was reviewed by experts in food science, agricultural economics, agronomy, as
well as farmers and agricultural extension agencies. These experts provided insights into
the model's validity based on their extensive knowledge and experience with the real

system, ensuring that the model's assumptions and structures are credible and realistic.
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A structural Validation process ensured that the relationships and feedback loops within
the model accurately represent real-world processes. Expert judgment from Ventana
Systems Inc., a renowned organization in system dynamics, was utilized alongside empirical
data to validate the model’s structure. This approach aligns with the recommendations of
Sterman (2000), ensuring that the model's internal logic and interactions are sound and

reliable.

The subsequent chapters, which contain the results and result discussions, will illustrate
how the various tools described in the methods section have been used to derive

conclusions from the household survey, focus groups and the systems dynamic modelling.

To achieve the objectives of the study, both qualitative and quantitative primary data were
collected and analysed. The qualitative data was gathered through focus group discussions
in the study area. The focus group discussions looked at the effectiveness of the current
agricultural policy thrusts on food security, in terms of achieving the needed sustainable
food system goals. The FGD result is presented in Chapter four. Chapter five and six present
results and discussions on the socioeconomic characteristics of the households, the results
on the food and nutritional situation on households in Northeast, Nigeria, and
subsequently the contributions of farms and forest to food security. The seventh chapter
presents the results of the food system feedback and causal loop. The seventh chapter
sheds light on the relationships and positive and negative feedback within the food system

of the study area.
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Chapter 4: Results and Discussion
To achieve the first objectives of the study, both qualitative and quantitative primary data

were collected through focus group discussions in the study area and analysed. The focus
group discussions looked at the effectiveness of Nigerian agricultural policy thrusts on food

security, in terms of achieving the needed sustainable food system goals.

4.1 Assessing the Effectiveness of Nigerian Agricultural Promotion Policy (APP) in
Achieving a Sustainable Food System
These two policies, ATA and APP, are aimed to move Nigerian agriculture to a commercial

position to ensure the creation of sustainable jobs and wealth. However, little is known
about the effectiveness of these policies on biodiversity, dietary diversity, and employment
and income of the small-scale farmers who form the greater proportion of the food
producers in Nigeria. Consumption of few varieties of food is a problem in achieving
nutrition security. It has, therefore, been suggested that encouraging farmers and poor
non-farming households with access to land to produce their own food, using labour
already in abundance due to the high rate of unemployment, and a farming method like
mixed farming and mixed cropping that gives them access to diversity of crops and animals
for consumption will help combat food insecurity (Ecker et al., 2018; Perrin & Phillips,
1978; Tsolakis & Srai, 2017). Farms with mixed crops/animals have been found to be more
resilient, improve productivity and stability, improve soil fertility, and provide the more

diverse diet needed for nutrition security (Frison et al., 2011).

Recognising the complex problems of food insecurity, there is need to explore participants’
opinions at the household level on the food security policy and its effectiveness. Discussing
the directions and strengths of these policy thrusts at the grassroots level, where food

decision-making happens, will help policy makers understand the food system better.

This study specifically assessed the effectiveness of APP food security thrusts taken from
the policy document in achieving- social justice, economic viability, and a sustainable
natural environment in the food system. A food production system will be considered just
if it provides greater benefit to the poor and vulnerable groups in the society, reduce
poverty through food security while providing a broader economic opportunity for
development (von Braun, 2003). The study adopted a qualitative research methodology to

explore the effectiveness of APP food security in achieving a sustainable food system.
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4.2 Focus Group Discussion Results and Discussions
The theme of lack of support for small-scale farmers and the mixed cropping system that

is prevalent in this area arose earlier in the group discussion. Probing was further made on
how these farmers could be supported to achieve a sustainable farming system that will
cater for the needs of the poor farmers. Discussions were made around the following
eleven selected food security policy thrusts of the APP:

1. Fortification of food crops with vitamins and micronutrients,

Creating balanced diet awareness in schools and social gatherings,

Strategic national food reserve,

School feeding programme,

Encouraging the use of agrochemicals and tractors,

Increase focus on forest conservation and forest foods,

Encouraging organic farming,

Supporting small farmers practicing mixed farming/cropping system with credit and
labour subsidies,

9. Supporting large scale and specialised farming,

10. Promoting commercial seeds to farmers, and

11. Allocation of 10% of Nigerian land to nomadic pastoralists for cattle grazing.

NV WN

Discussions were made on how effective these policy thrusts are in achieving desirable
sustainable food system goals of food price stability, access to and availability of diversity
of food for improved nutrition of households, biodiversity, and improved environment
benefits, increase employment for the poor farmer, improved soil health and providing
income support for poor households. So, each policy thrust was assessed on participants’
views on its effectiveness in achieving these goals. To conclude the discussion, the degree
of effectiveness of each policy was determined by the participants using a scale of one to
five, with being 1 very ineffective and 5 being very effective. A mean score decision rule
presented in the methodology (Chapter 3) was applied to determine the cut-off points of
rating. So, a score below 2.95 is considered ineffective. A mean score above 3.05 is
considered effective and having a mean score of between 2.95 and 3.05 is considered
moderately effective. The results are presented according to their relevance to the five

sustainable food system goals.
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4.2.1 Food Price Stability
As shown in the results presented in Table 4.1, all six focus groups indicated that strategic

national food reserves, encouraging organic farming, and supporting large scale and
specialized farming are effective for food price stability. However, 3 and 4 groups out of
the 6 groups indicated that forest conservation and food harvest, and the proper use of
agrochemicals are effective in achieving food price stability, respectively. Food fortification,
school feeding, and allocation of 10% of Nigerian land for grazing were placed on a scale of
1- very ineffective by 3, 4 and 5 groups out of the 6 groups respectively out of the six groups
in the study. The mean scores of the policy thrusts, presented in Table 4.1, indicated that
national food reserves (3.8), use of agrochemicals (3.5), encouraging organic farming (3.1),
and supporting large-scale farmers (4.3) were effective. Forest conservation and food

harvest (3) were considered moderately effective.
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Table 4. 1. The Effectiveness of APP Food Security Thrusts for Food Price Stability as Assessed by Six Focus Groups

Scale of
Effectiveness

Number of Groups

Fortification |Creating Strategic |School Forest Use of Encouraging |Supporting |Supporting |Promoting |Allocation of
of food crops |balance diet|national |feeding conservation |agrochemicals |Organic small large scale commercial |10% of
awareness |food programmes |and foods and tractors farming farmers and seeds Nigerian
reserve harvest specialised land for
farming grazing
1 3 2 0 4 0 0 0 0 0 2 5
2 3 4 0 0 3 2 0 4 0 4 1
3 0 0 2 1 0 0 5 2 1 0 0
4 0 0 3 1 3 3 1 0 2 0 0
5 0 0 1 0 0 1 0 0 3 0 0
Mean Score (1.5 1.7 3.8 1.8 3 3.5 3.1 2.3 4.3 1.6 1.2
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Participants were asked about their perceptions of the effectiveness of each of the eleven
food security policy thrusts of APP in achieving food price stability. It is important to note
that most Nigerian households buy food from an open market where farmers have free
access to sell their produce. Food price was often linked to quantity of food produced, crop
seasonality, crop failure, changing climate, and pest and disease. The participants were
generally sensitive to seasonality of their enterprises and its impact on price. They
described interventions on food prices as very important as a poverty alleviation
instrument for farming households. The food price stabilizing policies identified were said
to need lots of effort from the Government. This effort should be to grant farmers a
minimum price enough to cover their cost of production, and to control the price of other
non-food products. The farmers know that they have little influence on the price they get
for their produce and so want the Government to do more in this area. They suggested that
Government should buy the excesses during harvest and store them up for a lean period.
They also suggested a community-managed food storage system which they lack the
resources and security to establish. Below is a list of some example statements from participants

in the focus groups.

If there is food stored up by the Government for food emergency, and households are aware
that this food will be made available in emergency, then traders will be less extortive. That

is if our government is sincere o o o! -Male, smallholder farmer, 47 years old.

If the excess food during the harvest time is bought from us and removed by the
Government and price will not fall and might not even increase during the lean period due

to available of food from the reserve. — Male, Yam mixed-crop farmer, 50 Years old.

Is very difficult to store your farm produce as an individual due to lack of storage facilities
or high cost of establishing one. So, communal or government efforts is needed for this.
Most households can’t store enough to survive a crop failure. Female, smallholder mixed

crop farmer, 38 years old.

| believe that having a working food reserve that will help store food during excesses and
fill the gap during lean period is the best way to stabilize food price. Male, Primary school

teacher and farmer, 40 years old.
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While supporting large scale and specialised farming was considered very effective for price
stability, the proper use of agrochemicals and tractors just like national food reserves were
frequently pointed out by participants as ways to promote price stability. They argued that
increased food production using agrochemicals and tractors will reduce the risk of crop
failure cause by pests and diseases. This might even reduce the seasonality in crop planting
due to the opportunity for irrigation. Also, having food released from the reserves during a

food crisis will also prevent unnecessary rise in price. For example:

Tractors and proper agrochemical use are a big man farming system. They turn food
production into business. Their aim is to make profit, is not about food... So, they can use
the land for anything that gives money, but we need our lands to survive. — Male yam

farmer, 40 years old.

If this big farming system is in place (Monocropping system producing crops in larger
expanse of land), it will give more power to few farmers to produce most of the food. So, if
you produce most of the yam in the market, you can control the market for this food. We

are not their competitors at all. — Male yam mixed crop farmer, 49 years.

They will produce more using better technology and so can control the bigger market and

price also. Female rice farmer, 41 years old.

The responses from the focus group discussion reveal significant concerns about the impact
of large-scale, profit-oriented farming systems on traditional, subsistence-based
agricultural communities. The failure of exchange entitlement was reflected in the
concerns the participants raised. Sen's theory put it that famines and food insecurity often
lead to a failure in the ability of individuals or groups to exchange their entitlements, such
as their labour or farm produce, for food. This failure according to the FEE theory is most
times not due to the absence of food but rather the lack of food access to certain

populations due to economic or structural inequalities.

In this context, the local farmers express a fear that the support for large-scale farming

systems- such as those employing monocropping and extensive use of agrochemicals-
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threatens their traditional, more sustainable mixed cropping systems. They perceive these
large-scale systems as prioritizing profit over food security and as having the capacity to
dominate food production and market control. This control could lead to a situation where
smallholder farmers might lose their ability to exchange their labour and smaller-scale crop

outputs for sufficient food and income, thereby eroding their entitlements.

The shift towards large-scale farming, as described by the focus group participants,
represents a structural shift that could severely disrupt local food systems. According to
Sen’s theory, this disruption could lead to a failure in exchange entitlements for
smallholder farmers, who may find themselves incapable of competing in a market
controlled by a few large-scale farmers with the power to control prices and production.
This situation could worsen food insecurity and weaken the livelihoods of local farming

communities, who rely on their land not just for income but for their very survival.

The discussants pointed out that forest foods will provide an alternative to farm foods. So,
competition from forest food will affect the general price of food. Forest food was generally
talked about as being free and a way for the poor to keep surviving. The discussants also
emphasised that supporting organic farming will lead to price stability. The effects of
organic farming were generally considered to be a more gradual, lasting, and less costly

process compared with the use of agrochemicals and tractors. For example:

Organic farming is really very good, but our lands are already killed, dead and polluted by
these chemicals and continuous farming. If the land is corrected and cared for using natural
regeneration, then we can always achieve the same level of production as chemical farming

with better health for every living things ... - Male smallholder farmer, 47 years old.

The outcome of the discussions suggests the need to focus on strategic national food
reserves, organic farming, large-scale specialized farming, and the proper use of

agrochemicals for food price stability.

The effectiveness of strategic national food reserves in achieving food price stability is well-
documented. According to Barrett, (2002) in "Food Security and Food Assistance

Programs," strategic grain reserves can buffer against price volatility, especially in countries
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where agriculture faces significant seasonal and annual production variability. This aligns
with the sentiments of the focus group participants who value the role of Government in
storing excess harvest to stabilize prices during lean periods. Janvry and Sadoulet (2010) in
"Development Policies and Agriculture in Sub-Saharan Africa" discuss the significance of
national food reserves in stabilizing food prices during periods of fluctuation. This suggests
that such reserves can mitigate the volatility of food prices by smoothing out the

fluctuations in supply.

The advocacy for organic farming as a means to food price stability can be connected to
the sustainable agriculture paradigm, which emphasizes environmental health, economic
profitability, and social and economic equity (Altieri (1999). Organic farming is argued to
reduce dependency on synthetic inputs, thereby potentially lowering production costs and
stabilizing prices in the long term. Seufert (2012) in their work "Comparing the yields of
organic and conventional agriculture" published in Nature, discuss the potentials and
limitations of organic farming in sustaining global food demands. On the other hand, some
studies on agricultural sustainability and intensive production practices, argue for the
necessity of large-scale farming to meet global food needs efficiently, with an emphasis on
innovative practices to mitigate environmental impacts. Pretty and Hine (2001) detail how
organic farming practices can enhance food security by improving soil fertility and

biodiversity which, in turn, can contribute to more stable food supplies.

Supporting large-scale and specialized farming as a mechanism for price stability is tied to
the economies of scale and the potential for increased efficiency and productivity.
According to Pingali (2012), the adoption of modern agricultural practices and
specialization can lead to significant yield improvements and potentially lower food prices.
This is reflected in the participants' views that large-scale farming, equipped with modern
technology, could control market supply and prices. EURACTIV (2012) argues that
supporting large-scale farming, when done alongside sustainable practices, can increase
productivity and efficiency, leading to greater food availability and, potentially, more stable

prices.

According to Sunderland (2015), forest foods provide critical nutrition and income for rural

households, which can be an important factor in stabilizing food prices by providing
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alternative food sources. The moderate effectiveness attributed to forest conservation and
food harvest reflects a nuanced understanding of the role of ecosystems in food security.
Works like Sunderland (2011b) "Food Security: Why is biodiversity important?", highlight
the complex interplay between biodiversity conservation and food availability,

emphasizing the potential of forest foods in supplementing diets and providing livelihoods.

Pretty et al. (2018) explore the necessity of integrating agrochemicals with sustainable
agricultural practices to increase food production while minimizing environmental impacts.
Their findings can underpin our FGD observations on the role of agrochemicals in achieving
food price stability. The proper use of agrochemicals, while seen as effective by some
groups, raises concerns regarding sustainability and health. (Pretty & Hine, 2001) discuss
the transition to sustainable agriculture, emphasizing the need for reduced chemical input
for long-term ecological and economic viability. The mixed responses from focus groups
highlight the tension between immediate productivity gains and long-term sustainability.
These findings can be linked to the discourse on sustainable agriculture as discussed by
(Tscharntke, Clough, et al., 2012) (2012), who highlight the importance of integrating
landscape management with agricultural practices to sustain productivity while conserving
biodiversity. The effective use of agrochemicals, as pointed out by Pingali (2012), needs to

be managed carefully to avoid adverse environmental impacts while enhancing crop yields.

The scepticism towards food fortification, school feeding programs, and the allocation of
land for grazing as less effective measures might be contextual to the Nigerian situation,
where direct interventions in food production and market stability are more pressing.
These findings invite a comparative analysis with studies by (Black et al., 2013) on food
fortification and Bundy et al. (2009) on school feeding programs, suggesting that while
these policies can have positive health and educational outcomes, their impact on food

price stability may be indirect and less immediately observable.

The suggestion for community-managed food storage echoes the sentiments of some

grassroots-level studies. Maxwell and Caldwell (2008) underline the importance of

community-based approaches in enhancing food security and resilience against shocks.
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The nuanced views on the effectiveness of various policy measures for stabilizing food
prices in Nigeria underscore the importance of context-specific strategies. The mixed
responses regarding the effectiveness of forest conservation, food harvest, and the use of
agrochemicals suggest a need for policies that balance agricultural productivity with
environmental sustainability. This reflects a broader understanding in the literature that
achieving food security and price stability requires a multifaceted approach that considers
ecological, economic, and social dimensions. Encouraging the adoption of organic farming
practices, as they can contribute to environmental sustainability and, potentially, reduce
dependency on expensive agrochemicals. As Pretty et al. (2018) have shown, organic
farming can also support long-term soil health and biodiversity, contributing to more

resilient food systems.

4.2.2. Access to, and Availability of Diversity of Food
Availability of diversity of food, and households having access to diverse groups of food is

very important in achieving food security. Eating a diet consisting of diverse groups of food
has been confirmed to correlate highly with food security indicators like birth weight,
haemoglobin concentration, and serious health issues such as hypertension, and
cardiovascular diseases. More dietary diversity leads to better food security and health
outcomes (Swindale & Bilinsky, 2006a). So, more dietary diversity, is an important
outcome in, and of, itself (lke et al., 2016). Creating balanced diet awareness in schools and
social gatherings, focusing on forest preservation and forest foods, encouraging organic
farming, and supporting small-scale farmers through credit and labour subsidies were
considered very effective in securing access to, and availability of diversity of food,

biodiversity, and employment.
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Table 4. 2. Effectiveness of APP Food Security Thrusts for Improved Access to, and Availability of Diversity of Food

Scale of Number of Groups

Effectiveness
Fortification | Creating Strategic | School Used of Forest Encouraging | Supporting | Supporting | Promoting | Allocation
of food balance national | feeding Agrochemicals | conservation | organic small large scale | commercial | of 10% of
crops diet food programmes | and tractors and foods farming farmers and seeds Nigerian

awareness | reserve harvest specialised land for
farming grazing

1 2 0 2 4 1 0 0 0 3 3 5

2 4 1 3 2 4 0 0 0 3 3 1

3 0 3 1 0 1 1 1 2 0 0 0

4 0 1 0 0 0 3 2 3 0 0 0

5 0 1 0 0 0 2 3 1 0 0 0

Mean score 1.7 33 1.8 13 2 33 4.3 3.8 1.5 1.5 1.2
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The FGD scale of effectiveness for the policy thrusts presented in Table 4.2 shows that
these five policy thrusts, creating balanced diet awareness with a mean score of 3.3, focus
on forest conservation and food harvest (3.3), encouraging organic farming (4.3) and
supporting small scale farmers with credit and labour subsidies (3.8), are effective in
achieving access to and availability of diversity of food. These five policy thrusts were
indicated by 1, 2, 3 and 1 group(s) respectively as a very effective policy thrust for food
diversity. However, more than half of the groups, 4, 3, 3, and 5 put School feeding,
supporting large and specialised farming, promotion of commercial seed to farmers, and
allocation of 10% of Nigerian land for grazing respectively, on the scale of 1- very

ineffective.

In the discussion in the FGDs, the participants frequently agreed that creating balanced diet
awareness is effective in achieving availability of diversity of food and access to these foods.
Some of the participants indicated that most people are not aware of the need to eat
diversity of food. The general thinking was that you should eat three times a day and to eat
to your fill. However, the content of the food has always been neglected and sacrificed for
taste and convenience. The discussants mentioned that most households prepare maize,
rice, cowpea, yam, and other produce in different ways and with the same ingredients for
their three meals a day. Those of them who are mothers and had been pregnant mentioned
that nurses usually sound it as warnings that they must eat fruit and vegetables and that
you must eat a balanced diet. However, very few of them understood why they must eat

diversity of food as shown by the statements below:

Many people do not know the different food groups and what they do in our bodies.
However, we understand the different meats- goat, chicken, cow and bushmeat, and fruit
and vegetable food crops and eat them in different ways. If we are aware, it will make us
plant many of these food groups knowing we are not big men who can buy anything they
want. At least we can produce our own food for our health. — Female mixed crop farmer,

41 years old.

People might not see the difference in the number of different foods consumed by the big

man and the small man because of the food we get from our farms and forest. ... Who will
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give us free vegetables and fruits or the money to buy them like the rich people? - Female

farmer, 22 years old.

Yesterday we drank kunu (maize porridge) in the morning, ate masa (corn and rice ball) for
lunch and tuwo masara (thick Maize porridge) for dinner and we do this most days. We also
eat lots of rice. For a change when we have money, we buy indomie (noodle) and mineral

(soft drinks) to enjoy. Female farmer, 35 years old.

Most local foods like cocoyam, vegetables and Ariel yam are considered inferior, so to
belong we need to eat rice, indome noodle, snacks, soft drinks, and lots of meat. — Female

Farmer, 48 years old.

If we know better, we will do better. We will produce these crops to improve our diet if we
know they are important to our health. If a poor man doesn’t have money for a better
hospital, but we still have land to plant good food to keep us from hospital. We need this

information. Female farmer, 35 years old.

An organic farming system was generally agreed to be a very effective means of achieving
access to, and availability of, diversity of foods. The discussants believed there is more
diversity of crops and animals in organic farming than on farms that depend on inorganic
herbicides, pesticides, fertilizer, and heavy machines for farming. This agreement is in line
with (Woodward et al., 2010). In this type of farming, the farmer plants different types of
crops with different heights, root systems, pests, vegetative cover, and harvest timeline to
maintain the ecology of the farm. Hence, it is expected that organic farming systems will
make diversity of food available, as shown in the example statements from the focus group

participants:

Yes, because farmers that use these systems (Organic farming and mixed cropping) produce
more varieties of food as an insurance against crop failure. It gives the farmers more money
to produce more different types of crops from a small piece of land. — Female farmer, 58

years old.
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Forests are a very important repository of food and other resources needed for food. In the
case of Nigeria, most forest harvest of non-timber products are done by the poor. Forests
provide diversity of foods for the household and are an important source of food during a
period of food shortage. Food and agricultural policies are increasingly adopting ecosystem
approaches. However, policy measures focusing on wild foods are not widespread (FAO et
al., 2019). (Harris & Mohammed, 2003) identified a total of 67 wild foods from 53 species
of plants, 33 of which are found in farms in Northeast Nigeria where this study took place.
This shows that forest food is very important in achieving food security in Nigeria. In
addition to getting variety of fruits, vegetables, seed and nuts for food, the forest is a major
source of other products that contributes to food security. The discussants mentioned that
they get honey, fish, snail, mushrooms, edible insects, and shea butter from the forest.
These products contribute immensely to the food and income of their households.
However, the participants argued that Government conservation plans have not been
effective in keeping their forests from over exploitation. Government control of some of
their forests also prevents the poor in the community from accessing the forest for their

need.

They believed that the age-long community control of the forest was better. The
community used to protect the forest from intruders who have no stake in the forest by
regulating the harvest to prevent over exploitation and felling of immature trees. However,
with the modern world these regulations have broken down and the community are now
offered large amounts of money to sell their forests or are forced by the Government to
give it up for “development”. Government protection has only focused on environmental
sustainability with little consideration for the poor who need this forest to live. The FAO
(2019) recognises the importance of indigenous knowledge and practice sustained through
a long history in conservation and sustainable use of forests (Vidal, 2019). Traditional and
indigenous knowledge in the food system are skills, knowledge, understanding, practice,
ideology, and experiences learned, developed, sustained through a long history of
interactions with the environment and passed on through generations within the
community (Mistry, 2009; Vidal, 2019). In Nigeria, forest lands are held in trust by the state
government for the people. So, some of the forest lands are reserved to protect the trees,
thereby restricting access to forest food (Babalola & Hull, 2019). This is backed up by the

following comments of the focus group participants:
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The forest has more plant and animal varieties than can be found in man-made farms. So,
protecting the forest will provide more varieties of food especially to poor people who can’t

afford imported apples. Male farmer, 49 years old.

The Gumti national park is still around us, but we have no control, contribution, or legal
benefit from the forest. What most people do now is to sneak in and get as much as they
can from it despite the cost of this action to the forest or the people around it... There is too
much hunger and the safety net used by the people of old is now illegal (searching for plants,
firewood and animals for food has been prohibited for certain forests by the Government).
People can only survive, but this is now at the destruction of the forest that use to be

monitored and sacredly preserved. — Male farmer 59 years old.

Like organic farming, supporting small-scale farmers with credit and labour subsidies was
seen by the discussants as a very effective way of promoting access to, and availability of,
diversity of food. Providing the farmers with a labour subsidy was a reoccurring theme
throughout the discussion. The participants argued that most foods eaten by most
Nigerians were produced by small-scale farmers who lack the resources to mobilize enough
labour for their farms. These small-scale farmers produce wide varieties of crops using
manual labour. It was argued that supporting these farmers will impact positively on food

security.

From the focus group discussions, it is obvious that most of the food eaten in Northeast
Nigeria come from the forest and small-scale farmers who practice mixed cropping. The
farmers said the decision to plant any crop is dependent on what they wanted as a
household for food and part of a society, the location of the farm (distance from home),
money value of the crop, soil nutrient level, water holding capacity of the soil, and the
production history of the land. So, within a plot of land, farmers make experienced and
complex decisions on what to plant. This can be seen from some of the statements by the

focus groups participants below:

Oh yes, supporting small farmers who are into mixed cropping and mixed farming as against

the Government initiatives to support commercial farmers will boost the production of more
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varieties of food. This is specially for those indigenous foods that are not imported or
produced by large scale farmers. — Female secondary school teacher and farmer, 40 years

old.

Now if you are unable to show that you will be producing rice, soya beans, sesame, maize
or any other cash crop or animal in a commercial quantity there is no guarantee that you
can get a loan even from informal credit facilities. The way our Government is favouring big
farms is not good for our local foods and the poor farmers still struggling to eat. - Soya

bean and Sesame farmer, 47 years old.

It can be seen from the discussions that most of the households in the study area source
their food from their own farms. Farming households may do well with their food if they
have the knowledge of what they should eat, and which will also encourage the production
of these foods. Many poor households also depend on the forest for food and income. They
require support from the Government in terms of labour, dietary diversity awareness, and
low-cost farming systems like organic farming. If environmental sustainability, and social
justice are to be achieved, the importance of the forest in the livelihood of these poor
households requires the involvement of the communities in the management plans of the

forest.

The discussion reveals significant insights into the importance of dietary diversity for
achieving food security and enhancing health outcomes. This is in line with the findings of
Swindale & Bilinsky (2006a), who emphasized that dietary diversity is strongly correlated
with food security indicators such as birth weight, haemoglobin concentration, and the
prevention of serious health issues like hypertension and cardiovascular diseases. lke et al.
(2016) also stressed the intrinsic value of dietary diversity both as an outcome and a goal
in itself, underscoring the critical role of a varied diet in ensuring food security and
promoting health. This assertion supports the findings from the FGDs, where policy thrusts
aimed at enhancing dietary diversity were rated highly effective by participants. These
findings contribute valuable insights to the ongoing discourse on food security and
underscore the need for integrated approaches to ensure access to a diverse range of

nutritious foods.
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The consensus among participants that strategies like creating balanced diet awareness,
conservation of forests for food harvest, encouraging organic farming, and supporting
small-scale farmers through credit and labour subsidies are effective in promoting access
to and availability of diverse food groups, aligns well with existing literature on food

security and dietary diversity.

The data presented in Table 4.2., echoes the broader literature's acknowledgment of the
multifaceted approaches needed to ensure food security, encompassing both agricultural
practices and broader ecological conservation efforts. Initiatives like creating balanced diet
awareness, focusing on forest conservation and food harvest, encouraging organic farming,
and supporting small-scale farmers through credit and labour subsidies are deemed

effective by focus group discussions (FGDs).

The discussions also underline the significant gap in public awareness regarding the
importance of dietary diversity. Many participants noted the lack of understanding among
the general population about the various food groups and their nutritional benefits,
indicating a critical area for intervention. This insight aligns with the broader literature,
which suggests that increasing awareness and knowledge about dietary diversity is
essential for improving public health outcomes and ensuring food security (FAO et al.,

2019).

Organic farming is highlighted as a particularly effective method for achieving food
diversity, supporting the findings of Woodward et al., (2010). This approach not only
promotes the availability of a wide range of food products, but also supports sustainable
agricultural practices, and contributing to both environmental conservation and food
security. The importance of forests in providing a diverse array of foods and other
resources is similarly emphasized, reflecting the findings of Harris and Mohammed (2003)

on the role of wild foods in ensuring food security in Northeast Nigeria.

The FAO, (2019c) highlight the crucial role of forests as sources of diverse foods and other
resources essential for food security. They mention that ecosystems approaches are
increasingly being incorporated into food and agricultural policies, though policies

specifically targeting wild foods are less common. This aligns with the FGD participants'
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views on the importance of forest conservation for food diversity, particularly in providing
a safety net during food shortages and contributing to the dietary diversity and food

security of households.

The emphasis on supporting small-scale farmers and recognizing the value of indigenous
knowledge and practices in forest conservation is particularly noteworthy. This approach is
backed by literature that advocates the inclusion of community-based strategies in
environmental conservation and food security efforts (Babalola & Hull, 2019). The
discussion suggests that such strategies not only enhance access to diverse food sources
but also contribute to the sustainable management of natural resources. This notion was
reiterated by FGD participants who stressed the need for community control over forest

resources to prevent over-exploitation and ensure their availability for future generations.

The FGD findings highlight the importance of policy measures that promote dietary
diversity through awareness creation, sustainable farming practices, conservation of
natural resources, and support for small-scale farmers. These measures are essential for
achieving food security and improving health outcomes, as they ensure access to and
availability of diverse food groups. The literature corroborates the effectiveness of these
policy thrusts in contributing to dietary diversity and, consequently, food security and

health improvements.

4.2.3. Biodiversity and Improved Environmental Benefits
The importance of biodiversity in reducing hunger, food insecurity, and providing income

support for the poor cannot be over-emphasized. Declining biodiversity will force humans
to depend on fewer crops and animals for food which will undermine food security. Less
biodiversity will simplify the ecology making plants and animals more vulnerable to pests
and disease attacks. The policy thrusts found to favour access to, and availability of,
diversity of food, were also applicable in promoting biodiversity and improved
environmental benefits. In addition to forest conservation and food harvest with a mean
score of 4.6, organic farming (4.7), creating balanced diet awareness (3.7), supporting
small-scale farmers with credits and labour subsidy (4.3), and having a strategic national
food reserve (3.8) were also considered effective in promoting biodiversity and

environmental benefits.

90



Table 4. 3.

Effectiveness of APP Food Security Thrusts for Biodiversity and Improved Environmental Benefits

Scale of
Effectiveness

Number of Groups

Fortification | Creating Strategic | School Use of Forest Encouraging | Supporting | Supporting | Promoting | Allocation
of food balance national | feeding Agrochemicals | conservation | organic small large scale | commercial | of 10% of
crops diet food programme | and tractors and foods farming farmers and seeds Nigerian
awareness | reserve harvest specialised land for
farming grazing

1 1 0 0 5 3 0 0 0 6 4 4

2 4 1 0 0 3 0 0 0 0 2 2

3 1 1 2 1 0 0 0 1 0 0 0

4 0 3 3 0 0 3 2 2 0 0 0

5 0 1 1 0 0 3 4 3 0 0 0

Mean score | 2 3.7 3.8 13 1.5 4.6 4.7 4.3 1 13 13
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To understand the subtle differences in the degree of effectiveness of the different policy
thrusts on biodiversity and environmental benefits, the discussants were asked to place
each policy thrust on a scale of 1 — 5 as presented in Table 4.3. The results showed that 1,
1, 3, 4, and 3 groups identified creating balanced diet awareness, strategic national food
reserve, forest conservation and food harvest, encouraging organic farming and supporting
small-scale farmers with credit and labour subsidies respectively as very effective policy
thrusts. However, 5, 6, 3, 4, and 4 groups placed school feeding and supporting large and
specialised farming, the proper use of agrochemicals, promoting commercial seeds, and

allocation of 10% of Nigerian land for grazing respectively, on a scale of 1-very ineffective.

For the policy on forest food, and a national food reserve, the discussants reasoned that
encouraging forest conservation and harvest of forest food will make communities and
individual owners protect their source of livelihood and, so, biodiversity. Less disturbance
or sustainability, planned management of the forest and land, will make the forest produce
more food. Species loss due to indiscriminate bush burning, clearing of forest for housing
and other industrial development purposes, and the rise in commercial farming with
widespread monoculture due to support from Government were pointed out by the
participants. Also, making food available in the market during food crises through a national
food reserve was opined to be effective in reducing the incidences of people sourcing food
through means that will harm the environment and the society, as shown in the statements

made by the focus group participants below:

Since the forest close to our house was bought and cleared about three years ago, oh boy,
we lost the bush meat we used to get from there, firewood is now hard to get, the edible

ants used to give us lots of free money but now is gone too. - Male farmer, 28 years old.

Bringing out stored food especially beans (cowpea) prematurely from the store when the
harmful chemicals used for storage is still very active and harmful to humans and the
environment has been happening. We all know this story and the death it has caused. —

Female food bukateria seller and farmer, 36 years old.
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The use of manual labour instead of tractors in organic farming and by smallholder farmers
practicing a mixed farming system will help preserve the soil and particularly the trees in
the farm. There is less pollution as there is no chemical run-off to the streams during rain

and no air pollution due to chemical sprays. — Female teacher and farmer, 50 years old.

Imitating nature’s way of farming as in organic farming produces different varieties of crop
on a piece of land than the conventional farming monoculture. There are some weeds that
are edible and some pests that are foods too. These things are mostly overlooked. — Female

farmer, 45 years old.

The discussants highlighted biodiversity as an important foundation that underpins the
structure, function, and process of the food system. The discussions around organic
farming, supporting small-scale farmers who plant mixtures of crops and keep different
animals, a national food reserve, and forest conservation and food harvest emphasised the
need to protect biodiversity with focus on its impacts on socioeconomic and biological

factors.

The results presented in Table 4.3 and the associated quotations provide a comprehensive
look at the intertwined relationships between biodiversity, food security, and
environmental sustainability. Insights from the focus group discussions also shed light on
the complex socio-economic and environmental factors shaping food systems and
biodiversity. These discussions highlight the interplay between biodiversity and traditional
farming practices, and the pressures from current agricultural policies and changes in land
use, painting a detailed picture of the food security landscape in Northeast Nigeria. The
guotes illustrate the strong connection between community livelihoods, access to diverse
food sources, and efforts to conserve biodiversity, all influenced by shifts in land access,

food preferences, and the politics of forest and agricultural management.

The dialogue on wild foods, changes in land access, and shifting food preferences
underscores the intricate relationship between socio-economic transformations,
environmental policy, and food security strategies. Governmental and commercial
decisions leading to the sale of forests and restrictions on access impact biodiversity and

traditional food sources, essential during crop failures. This scenario is shaped by power
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dynamics and political choices, often favouring immediate economic benefits over
environmental sustainability and community welfare (Young et al., 2016; Sunderland,

2011).

The reduction in access to wild foods due to commercial land acquisitions and
governmental restrictions, highlights broader concerns around environmental justice and
food sovereignty. The reliance on biodiversity for food security and nutritional needs
underlines the importance of policies that uphold community rights to their natural
resources (Coomes & Lines, 2020; Young et al., 2016 Moving away from traditional,
diverse farming practices to monoculture and large-scale agriculture not only diminishes
biodiversity but also increases the vulnerability of local ecosystems to pests and diseases,

threatening food security (Altieri, 1999; Tscharntke et al., 2012).

The findings suggest that while policies promoting organic farming, forest preservation,
and support for small-scale farmers are beneficial for biodiversity and food security, their
success requires a deep understanding of local conditions and community socio-economic
realities. Effective policies must tackle the fundamental issues behind biodiversity loss,
including the undervaluation of traditional crops and the economic forces driving changes

in land use (Altieri & Nicholls, 2012; Chappell & LaValle, 2011)..

Additionally, the focus on organic farming and small-scale farmer support showcases the
benefits of these practices in sustaining soil health, minimizing pollution, and promoting
ecological balance. The preference for manual labour and reduced agrochemical use aligns
with the broader advocacy for agroecological practices as cornerstones of sustainable food

systems and biodiversity conservation (Wezel et al., 2009, 2014, 2020).

The discussion also raises concerns about the premature release of food from individual
storage treated with harmful chemicals, pointing to the need for improved food storage
and distribution management. Such practices pose risks to both human health and the

environment, highlighting a gap in ensuring the safety and sustainability of food reserves.

Moreover, the discussants' experiences underscore the vital role of biodiversity in food

system resilience. Biodiversity enhances ecological services like pest control, pollination,
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and soil fertility, essential for sustainable agriculture. By fostering organic farming and
forest conservation, these ecological benefits can be preserved, supporting the livelihoods

of communities reliant on these resources (Tscharntke et al., 2012).

The focus group discussions emphasize the indispensable role of biodiversity in achieving
food security, nutritional diversity, and environmental sustainability. The need for policies
that value traditional crops, promote sustainable practices, and guarantee fair access to
land and resources is clear. Addressing the interconnected challenges of food security,
biodiversity loss, and climate change can help cultivate resilient and sustainable food
systems. Reflecting on the complex food security challenges in  Northeast Nigeria reveals
the necessity for a holistic approach that integrates environmental sustainability, social

equity, and biodiversity conservation into food security strategies.

4.2.4. Employment and income support for poor households
Most poor people depend on food and income from their labour for survival. Decent labour

for the poor for food security has not been properly addressed in the policies of many
countries (FAO, 2012e). As important as decent work is to sustainable development and
food security in particular, several factors limit the success of efforts in this area. Low
returns in agriculture, low wages, drudgery, multiple job holding, casual job schedules due
to seasonality, and gender inequality were identified as problems to achieving decent jobs.
Decent work will help developing countries like Nigeria to solve three of their pressing
problems, high unemployment, poverty, and food insecurity. Agriculture is an important
sector in the Nigerian economy. About 80% of Nigerian households are involved in farming.
In the Northeast, 83.6% and 68.6% of the households are involved in crop and livestock
farming respectively. Small-scale farmers constitute about 65% of the population, over
90% of Nigerian farmers produce 98% of foods and 99% of crop output in Nigeria (Mgbenka
et al., 2015; Sabo et al., 2017). The implication of these statistics is that more than half of
the Nigerian population depend on their farms for their livelihoods. Even with the
contributions of these farmers, most of the poor and food insecure Nigerians are farmers
(National Bureau of Statistics Nigeria, 2005). If food security is to be achieved in Nigeria,
decent and productive employment for the poor should be taken seriously. A socially just
food system is very important in ensuring that policies and interventions in the food system

will benefit these farmers and not make them worse-off.
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When it comes to the policy thrusts that are effective in achieving more employment for
poor farmers and households in the food system (see Table 4.4), all the groups indicated
that focus on forest conservation and food harvest with a mean score of 3.1, encouraging
organic farming (4), and supporting small-scale farmers with credit and labour subsidies
(4.2), respectively, are effective. Creating balanced diet awareness was considered
moderately effective by 3 groups. The results presented in Table 4.4 shows that three
groups indicated that encouraging organic farming and supporting small-scale farmers are
very effective policy thrusts for achieving more employment for poor farmers. However, 4,
4, 3, and 4 groups, which makes up more than half of the focus groups involved in the study
pointed out that food crop fortification, school feeding programmes, promoting
commercial seeds and allocation of 10% of Nigerian land for grazing respectively, are very

ineffective in achieving more employment for the farmers.
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Table 4. 4. Effectiveness of APP food security thrusts for Employment for poor farmers

Scale of Number of Groups

effectivene | portificatio | Creating | Strategi | School Use of Forest Encourag | Supportin | Large Promotin | Allocatio

§S n of food balance c feeding Agrochemica | conservati | e organic | g small scaleand | g n of 10%

crops diet nationa | programm | Is and on and farming | farmers specialise | commerci | of
awarene | | food e tractors foods d farming | al seeds Nigerian
sS reserve harvest land for
grazing

1 4 0 2 4 1 0 0 0 0 3 4

2 1 2 3 2 4 0 0 0 4 3 2

3 1 3 1 0 1 5 3 2 2 0 0

4 0 1 0 0 0 1 0 1 0 0 0

5 0 0 0 0 0 0 3 3 0 0 0

Mean score | 1 2.8 2 1.3 2 3.1 4 4.2 23 1.5 1.3
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Encouraging organic farming and providing credit and labour subsidy support for the
smallholder farmers were agreed to be very effective in securing employment for the poor
(see Table 4.4). This is because most of the production done in these systems uses manual
labour. Smallholder farmers usually practice mixed cropping and mixed farming systems
which lends itself to the use of manual labour. In the FG discussions, it was clear that
creating balanced diet awareness and an increased focus on forest conservation and forest
foods will be effective in creating more employment for the poor households. The
participants frequently talked about the importance of having regular work for farm
labourers and more money to hire the labour and pay them well. This, they said, will help
the poor among them to train their children in schools so their children could have a better
chance at working in other sectors of the economy. The participants argued that the poor
will remain poor if there is no support for the small-scale farmers who cannot afford good
skill training or formal education for their children. There was much concern on the lack of
support for small-scale farmers for credit from financial institutions and the Government.
The discussants suggested that farmers will fare better if the Government supports them
with labour subsidies instead of subsidizing the cost of fertilizers and herbicides which they
hardly have access to, and tractors, which are depriving the farm labourers of their jobs.
This is reflected in some of the statements from the focus group participants on their need

for support for farm labour presented below:

If every farmer in our state can afford and depend on manual labour for clearing, tilling,
planting, weeding to harvesting without the use of tractors or chemicals, much labour will

be required. - Male farmer, 54 years old.

Yes, if labour is subsidized, then the farmers’ problems are over. This is the biggest problem
of our food production activities. It will encourage farmers to do more and so more labour

can be hired. - Male Yam farmer, 56 years old.

When discussing the promotion of large-scale farming which involved the cultivation of
over two hectares of land, and promotion of the use of commercial seed, the discussants
sounded very distant from the concept, using the pronouns “they” and not “we or I”. Large-
scale farming systems have been largely supported by the Government through input

subsidies, credits, training, and export supports as food security and sustainable
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development measures. Large-scale and specialised farming are promoted as efficient
systems that bring about more food, more employment, and a better environment.
However, listening to the discussion in the focus groups in this food insecure Zone
(Northeast, Nigeria), it was clear that promoting large-scale and specialised farming may
not improve the lot of these poor farmers. Some of them were also willing to work as
labourers on big farms but they are afraid of not being able to secure the jobs as the

following statement shows:

I am just thinking about the big rice farm they are taking our lands to do now. How many
people will be employed on it and how many people will go hungry because they lost their
land and could not even get employed as a labourer on the farm that used to belong to
them? Rice might be cheap through this system but how do you buy it if you have lost your

source of income and food. — Male farmer, 37 years old.

The discussions and data encapsulated in Table 4.4 articulate a holistic approach to
enhancing food security in  Northeast Nigeria by bringing together the creation of
employment opportunities for economically disadvantaged farmers with environmentally
sustainable agricultural techniques. This narrative underscores the vital link between
generating job opportunities through innovations in agriculture and ensuring the

availability of food, particularly in the light of changing access to land.

The critical role of supporting smallholder farmers and embracing agroecological methods
is advocated by De Schutter (2010) and Altieri and Toledo (2011) who argue for the
indispensability of these strategies in augmenting food security and fostering resilient food
systems. This perspective is mirrored in the focus group discussions that confirm the
positive impact of policies encouraging organic farming and providing labour subsidies to
small-scale farmers, thereby boosting both employment and biodiversity for a more robust

food system.

The FAO report (2012b) highlights the dynamic relationship among economic policies,
agricultural employment, and food security, pointing out the necessity of inclusive
economic growth to aid the most vulnerable sections of society. The preference for manual

labour instead of mechanized farming techniques is identified as a valuable avenue for
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creating broader employment opportunities in the agricultural sector, as noted by the
focus group participants. Barrett et al. (2001) emphasized the significance of diversifying
income sources for rural households, including the pursuit of non-agricultural income
opportunities. This insight is particularly pertinent in view of the participants' concerns
regarding the lack of adequate support for small-scale farmers from financial institutions

and governmental agencies.

Mgbenka et al. (2015) illuminate the challenges and potentialities of smallholder farming
in Nigeria, calling for policy interventions to enhance this vital sector. The expressed
concerns over job security for small-scale farmers in the face of expanding large-scale
agricultural operations reflect these findings, indicating the necessity for policies that
balance food production with employment generation. Sustainable intensification as a
means to boost agricultural yield while safeguarding environmental integrity as proposed
by Pretty et al. (2011), aligning with discussions that favour labour subsidies instead of
subsidies for fertilizers and machinery to encourage more sustainable and labour-intensive

agricultural practices.

The concern over large-scale farming projects displacing smallholder farmers and
impacting their employment prospects underlines the broader issue of how alterations in
land access influence food security and job opportunities in rural areas. The fear of losing
livelihoods to major agricultural projects accentuates the critical need for policies that

ensure a fair allocation of resources and opportunities.

Overall, the insights from the focus group discussions advocate for a comprehensive
strategy towards food security in Northeast Nigeria, focusing on supporting small-scale
farmers, promoting sustainable agricultural practices, and expanding income sources. This
strategy requires a careful navigation of local conditions and economic challenges faced by
communities, with policies aimed at addressing the decline in biodiversity and changes in

land utilization at their heart.
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Table 4. 5. Effectiveness of APP food security thrusts for Income support for poor households

Scale of
effectivene
ss

Number of groups

Fortificati | Creating | Strategi | School Use of Forest Encouragi | Supporti | Supporti | Promotin | Allocatio
on of food | balance |c feeding agrochemic | conservati | ngorganic | ngsmall | nglarge g n of 10%
crops diet nationa | program als and on and farming farmers scale and | commerci | of
awarene | | food me tractors foods specialise | al seeds Nigerian
3 reserve harvest d farming land for
grazing
1 0 0 3 2 1 0 0 0 4 3 4
2 3 4 1 0 5 1 0 0 1 2 2
3 2 2 2 4 0 2 0 1 1 1 0
4 1 0 0 0 0 1 5 2 0 0 0
5 0 0 0 0 0 2 1 3 0 0 0
Mean score | 2.7 23 1.8 23 1.8 3 4.2 4.3 1.5 1.7 1.3
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For income support for poor households, 5, 6, and 6 groups indicated that forest
conservation and food harvest with a mean score of 3.7, encouraging organic farming (4.2),
and supporting small-scale farmers with credits and labour subsidies (4.3), respectively, as
effective policy thrusts. The results presented in Table 4.5 show that 2, 1, and 3 groups
considered forest conservation and food harvest, encouraging organic farming, and
supporting small-scale farmers with credits and labour subsidies very effective. However,
3, 4, 3 and 4 groups indicated national strategic food reserve, supporting large and
specialized farming, promotion of commercial seeds and allocation of 10% of Nigerian land
for grazing respectively, as very ineffective policy thrusts for income support for poor

households.

Fortification of crops gives farmers a new variety to produce which leads to an increase in
the demand for the crops. There are fortified crops like the Vitamin A cassava, maize and
Orange-Fleshed Sweet Potato available in Nigeria (Oteh et al., 2023) They generally agreed
that money realised from the sale of forest products has mostly been a means of
sustenance for the poor households. It was clear from the discussion that many households
in the Northeast part of Nigeria who are poor depend heavily on the income from food
harvested from the forest. Wild fishing from the rivers in the community, harvesting of

wild fruits, nuts, oils, vegetables, and animal hunting has sustained many households.

It was clear from the discussions that labour costs constitute the largest expenditure of the
small-scale farmers and subsidizing it will impact positively on their output and income. So,
encouraging organic farming and supporting smallholder farmers with a labour subsidy will
reduce the cost of production for the farmers, and increase profit and self-reliance for
them. Poor farmers will benefit when they spend very little on farm inputs and are able to
use their labour and access extra labour when they need it. The discussants clearly
mentioned that farming is a very tedious work with a lot of danger. They generally
highlighted that modern technology is meant to reduce the problems of farming and to
produce food at minimum risk of injury, and bites from poisonous snakes and insects.
However, they consistently argued that you can only think about protecting yourself from
these dangers when you are not hungry. The small-scale farmers need to feed their

households from the resources available to them, in most cases, this is their labour and
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may be their land. This is brought out by the following statements from some of the

participants:

....Many households depend solely on the income from harvesting forest products like wild
fish, vegetables, fruits, seeds, and animals for their livelihood. ... . Without the forest, so

many wouldn’t be able to survive. — Male farmer and fisherman, 46 years old.

The sales from the forest have sustained many homes in our community. Many of them
depend solely on the income from harvesting forest product like wild fish, vegetables, fruits,
seeds, and animals for their livelihood. | have a neighbour that depends on ogbono, achi
and other forest products to train their sons in school. Without the forest so many wouldn’t

be able to survive. — Female farmer, 31 years old.

It is not as if we do not want to look good and have smooth skin, but what befalls us is more
than we can bear and still be thinking of competing with those in townships for smooth skin.
I like my nails painted in different colours, my mouth shining with lipstick. | want to work in
the office far from snakes and scorpions. But you know what, you need to feed first before
checking the skin and its pains. | still choose to go to the farm than beg or die in hunger.

Female rice farmer, 34 years Old.

Yes, organic farming will make poor farmers who already lack money for the ever-improving
seed and chemicals spend less money. They will not spend their money on chemicals and
can use up their unemployed labour to make money. However, if these things, | mean
fertilizers, herbicides and all those improved things are free, then | would not mind using

them. - Male farmer, 43 years old.

The discussions reflect a nuanced perspective from the groups on the effectiveness of
different food security and income support measures in Northeast Nigeria. The discussion
surrounding food security in Northeast Nigeria, as reflected in the selected text and the
results presented in Table 4.5, opens a complex landscape where socio-economic,
ecological, and political factors intersect. This analysis aims to deepen the understanding
of the issues at hand, particularly focusing on the role of wild foods, forest products, and

the implications of various agricultural practices and policies.
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The prioritization of organic farming and support for small-scale farmers over the
promotion of commercial seeds and land allocation for grazing illustrates the preference
of the community for sustainable, accessible, and inclusive agricultural practices. This
preference is grounded in the realities of the local socio-economic and environmental
context. The emphasis on organic farming and supporting small-scale farmers suggests a
community-oriented approach that values ecological sustainability and resilience. This is
particularly relevant in a region where agriculture plays a crucial role in livelihoods but is
threatened by various challenges, including climate change, land degradation, and socio-

political instability.

The reliance on wild foods and forest products underscores a critical coping strategy for
many households in Northeast Nigeria, particularly in the face of crop failure and during
the lean period. This reliance is shaped by changing land access and food preferences,
which are themselves influenced by broader socio-political and environmental contexts.
The mention of "power and politics of forest sales and government restrictions" hints at
the complexity of forest access, which can significantly affect the availability of these crucial
resources. Such dynamics are not static; they evolve over time, influenced by policies, land
use changes, and socio-economic pressures. Literature on traditional ecological knowledge
and food systems in similar contexts suggests that changes in land access and use can lead
to alterations in the availability and types of wild foods, impacting local food security and
dietary diversity (Bharucha & Pretty, 2010; Fernandez-Llamazares et al., 2021; Fernandez-
Llamazares & Cabeza, 2018). This reliance not only reflects the importance of biodiversity
and ecosystem services but also highlights the need for policies that balance conservation
efforts with local livelihoods and food needs. The intersection of conservation and
livelihoods highlights a complex relationship that requires policies to align with the goals

of environmental sustainability, food security, and economic resilience (Sunderland, 2011).

The effectiveness of various policy thrusts for income support, as highlighted in the
discussion, provides an interesting insight into local perceptions of agricultural and
conservation strategies. Policies encouraging organic farming and supporting small-scale
farmers with credits and labour subsidies were seen as effective, with mean scores of 4.2

and 4.3, respectively. These policies resonate with the broader discourse on sustainable
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agriculture, which emphasizes reducing external inputs, enhancing ecological benefits, and

supporting local livelihoods (Altieri, 2002; Pretty, 2008).

The ineffectiveness perceived in strategies like promoting commercial seeds and allocating
land for grazing highlights concerns around the suitability of these approaches for
smallholder farmers, who often lack the resources to invest in commercial agriculture or
are adversely affected by land allocation policies that may prioritize large-scale agriculture
over smallholder and community needs. Such perspectives are supported by literature that
emphasizes the importance of agroecological approaches and community-based resource
management for enhancing food security and resilience in the face of environmental and

economic challenges (Altieri & Toledo, 2011; Pretty, 2008).

The discussion above highlights a crucial tension in small-scale farming concerning the need
to balance labour intensity and costs with the potential benefits of modern agricultural
technology. While technology is seen as a means to reduce the "problems of farming" and
minimize risks, its accessibility and applicability for smallholders remain challenging. The
emphasis on labour costs and subsidies points to the significant burden of manual labour
on small-scale farmers, suggesting that interventions aimed at reducing these costs could
have a substantial impact on productivity and livelihoods. This aligns with findings from the
literature that stress the importance of labour-saving technologies and practices in
enhancing smallholder productivity and food security. (Beuchelt & Badstue, 2013; Kassie
et al., 2010; Koppmair et al., 2017)

4.2.5. Soil health improvement
A healthy soil will produce healthy foods, enhance biodiversity and ecosystem services for

a healthy society. The FAO (2015) highlighted that many soils used for food production are
already degraded. Therefore, food security policies should aim to ensure food security
while also promoting the health of agroecosystems and combating soil degradation. The
discussants suggested the use of organic fertilizers like animal dung and crop wastes,
mulching, crop rotations, fallow systems, cover crops, and the use of less invasive
agriculture to reduce the disruption of the soil organism activities to improve soil health.
The discussions frequently highlighted the importance of organic manure in sustaining the

microorganisms and their activities, and beneficial weeds and insects in the farm. Leaving
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farmland fallow and regulating forest timber and non-timber harvest were considered by
the discussants as a means of improving soil quality. The use of agrochemicals was
generally thought to be unsuitable for biodiversity and will harm soil organisms. Gunstone
et al. (2021) found that all type of pesticides is harmful to soil organisms. The discussions
emphasised that agrochemicals have reduced the number of beneficial ants, wild plants
and even earthwormes. So, soil organisms should form part of the focus when assessing the
risk of any agrochemical. Healthy soils will also provide more benefits to poor households

who depend on these lands for survival.

To improve soil health, which looks at the quality of soil, the discussants agreed that
focusing on forest conservation and food harvesting will positively improve the knowledge
of the importance of forest to our life. Leaving the farmland fallow and reducing the
deforestation of communal forests will greatly improve the soil quality and increase the
benefits poor households can derive from the land. Supporting smallholder farmers, and
encouraging organic farming, were said to be a very effective policy thrust towards the
achievement of good soil health. The discussants argued that tractors are not commonly
used by these smallholder farmers, so there will be more vegetative cover from trees and
the leaves left in the soil, and the roots of the trees will help hold the soil together. They
also frequently mentioned that the use of manual labour means there will be more care

for the sail.
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Table 4. 6. Effectiveness of APP food security thrusts for Soil health improvement

Scale of Number of groups
effectiveness |Fortification |[Creating |Strategic |School Use of Forest Encourage |Supporting |Supporting |Promoting |Allocation
of food balance national |feeding agrochemicals|conservation |organic small large scale |commercial |of 10% of
crops diet food programme |and tractors |and foods |farming |farmer and seeds Nigerian
awareness |reserve harvest specialised land for
farming grazing
1 2 0 3 5 2 0 0 0 1 4 3
2 4 4 2 0 3 1 0 1 4 2 2
3 0 2 1 1 1 2 0 1 1 0 1
4 0 0 0 0 0 1 3 4 0 0 0
5 0 0 0 0 0 2 3 0 0 0 0
Mean score |1.7 2.3 1.7 1.3 2 3.7 4.5 3.5 2 13 1.7
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For soil health improvement, results in Table 4.6 show that forest conservation and food
harvest with a mean score of 3.7, encouraging organic farming (4.5), and supporting small
scale farmer (3.5) respectively were thought to be effective policy thrusts. Forest
conservation and food harvest and encouraging organic farming were considered by 2 and
3 groups respectively as very effective policy thrusts for soil health improvement. The
policy thrusts that were placed on the scale of 1- very ineffective for soil health by 3 or
more groups out of the 6 focus groups involved in the study were a strategic national food
reserve (3 groups), school feeding (5 groups), promoting commercial seeds (4 groups) and
allocation of 10% of Nigerian lands for grazing (3 groups). The following statements from

the focus groups participants bear this out:

Organic farming gives the living organisms in the soil the time to follow a natural process
of rebuilding itself. It is protective of the earthworms, crickets and other insects that live
under the soil’s surface. When you touch a good soil, you will feel the spaces for air, and it
breathes. A soil with high organic manure is always dark and doesn’t stick together like
gum. You can even smell the life in it. Soils that are not polluted with chemicals do not grow
bad weeds even. ... . what else does a farmer need to produce food. — Female farmer, 56

years old.

Unless the Government will give us fertilizers free and enough every year, organic farming
will save many from going hungry and becoming destitute. Though it takes time, it will save

the soil. — Male farmer, 23 years old.

It is obvious why we still use chemicals even when we know they are bad. It is cheaper than
labour and faster in giving results... . As we are reducing the labour needed in the farm, we
have succeeded in reducing the honey in the forest, ... even made our soil dependent on
agrochemicals to produce food, and this is not going to last. It costs more. Now without the
chemicals some of the lands will give you nothing, so you spend and spend. Each subsequent

year is worse. — Male farmer, 44 years old.

It is evident from the discussion that soil health emerges as a critical foundation for

sustainable food security. The results emphasize the importance of organic farming
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practices, forest conservation, and the reduction of agrochemical use as key strategies. This
stance aligns closely with the concerns raised by the Food and Agriculture Organization
(FAQ) in 2015 about the widespread degradation of soils crucial for food production,

thereby underscoring the urgency of integrating soil health into food security policies.

The advocacy for adopting less invasive agricultural practices- emphasizing organic
fertilizers, mulching, crop rotation, fallow systems, cover crops, and a general reduction in
agrochemical use- reflects an ecological sensibility geared towards nurturing biodiversity
and ecosystem services. This approach aligns with the observations of Gunstone et al.
(2021), who noted the detrimental impacts of pesticides on soil organisms, highlighting the
importance of ecological considerations in farming practices that foster soil biodiversity

and health, thereby enhancing the resilience of food production systems.

Supporting smallholder farmers through the encouragement of organic farming and
minimal use of heavy machinery like tractors to avoid soil compaction is important. This
approach, which benefits soil health and supports the livelihoods of poor households that
are dependent on these lands, also aligns with the observation of Gunstone et al. (2021)
observations on the negative effects of agrochemicals and mechanized farming on soil

organisms and structure.

The discussion further highlights the critical role of forest conservation and reduced
deforestation in preventing soil erosion and maintaining soil fertility, as corroborated by
Reed et al. (2014), and Reganold and Wachter (2016). These practices, alongside the
emphasis on organic farming methods, support soil biodiversity and structure, contributing

significantly to soil health and food security.

However, the strategies and discussions must be contextualized within the unique socio-
economic and environmental challenges of Northeast Nigeria. This region, marked by
conflicts and climatic stresses, demands agricultural and food security policies that can
navigate the challenges of restoring degraded land while sustaining vulnerable
populations. The climatic challenges faced by Northern Nigeria, characterized by a Sahelian
climate with susceptibility to drought and erratic rainfall patterns, underscore the urgency

for adaptive and sustainable agricultural practices to mitigate these vulnerabilities
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(Mailumo et al., 2022; Olasantan, 1992; Zhang et al., 2018). The emphasis on increasing
rainfall unpredictability by Ayanlade and Drake (2016) further accentuates the critical need
for resilience in farming methods. In this context, the results indicating the effectiveness of
forest conservation, food harvest, and particularly the encouragement of organic farming,
as effective policy thrusts for soil health improvement, resonate strongly with the need for
sustainable agriculture practices. Organic farming, as highlighted by the focus group
participants, not only fosters a healthier soil ecosystem crucial for the Sahelian region's
unpredictable climate, but also enhances soil fertility and productivity in the long term. The
integration of forest conservation and promotion of fallow practices reflect a deep
understanding, by the participants, of the interplay between ecological health and human

well-being.

In summary, the sum of groups that indicated moderately effective, effective, and very
effective are presented in Table 4. 7 to show the number of groups that considered a policy
thrust effective. Two food security thrusts were considered completely ineffective for all
the sustainable food system goals by the participants. The discussants generally mentioned
that these two policy thrusts- promoting commercial seed and allocation of 10% of Nigerian
land for cattle grazing will contribute very little, or nothing to environmental sustainability
and the livelihood of the poor farmers. Creating a balanced diet awareness is effective for
access to, and availability of, diversity of foods, and improved biodiversity and
environmental benefits. A strategic national food reserve is effective in achieving food price
stability and biodiversity. School feeding programmes designed to provide primary school
children one meal per school day are effective for income support for poor households.
Supporting large scale and specialised farming and increasing food production using
agrochemicals and tractors are effective for food price stability. Supporting small farmers,
mixed farming and mixed cropping systems are effective for all studied food system goals,
except food price stability. Increased focus on forest conservation and foods harvest and
encouraging organic farming are effective for all the six sustainable food system goals

studied.
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Table 4. 7. Distribution of Focus Groups Findings by Effective APP Policy Thrusts

Number of Groups

Policy Thrusts Access and Income support
Price availability of Biodiversit Employment | Soil for poor
Stability | diversity of Y| for farmers | health P
foods households
Fortification of food crops 0 0 1 1 0 3*
Creating balance diet awareness 0 5% 5% 4* 2 2
Strategic national food reserve 6* 1 6* 1 1 2
School feeding 2 0 0 0 1 4*
Increasing food production using agrochemicals and tractors | 3* 1 0 0 1 0
Increase focus on Forest conservation and foods harvest 4* 6* 6* 6* 5% 5%
Encouraging organic farming 6* 6* 6* 6* 6* 6*
Supporting small farmers mixed farming/cropping system 2 6* 6* 6* 5% 6*
Supporting large scale and specialised farming 6* 0 0 2 1 1
Promoting commercial seeds 0 0 0 0 0 1
Allocation of 10% of Nigerian land for grazing 0 0 0 0 1 0

*Effective policy for sustainable goal
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Ball, Hargreaves, and Watson (2018) in agreement with the opinion of the discussants
noted that agroecological farming systems can produce as much food as conventional
systems in addition to promoting environmental sustainability and a healthy population.
The argument has been between producing more food for the ever-growing population
using the conventional farming system and producing food in agroecological farming
systems which support environmental sustainability. There is also the problem of
supporting large scale farming systems as against the small-scale farming that is prevalent
in developing countries. However, Ball et al., (2018) argued that agroecological farming
systems which take care of the soil are two to four time more energy efficient than
conventional systems. Sustainable intensification is also an approach being considered. In
the quest for commercialisation of food production, scaling up of production, and
maximizing profit or output from a given space. Thus, there is need to think about
biodiversity and environmental sustainability as well as the entitlements needed to access
food by the poor. It is important that the food system strengthens the ability of the poor

and food insecure households to be able to access food.

The discussion on the effectiveness of Agricultural Policy Program (APP) policy thrusts in
enhancing food security in  Northeast Nigeria, as presented in Table 4.7, indicates that
promoting commercial seeds from seed industry, and allocating 10% of Nigerian land for
cattle grazing were considered completely ineffective for all sustainable food system goals
by the participants. This reflects concerns about the compatibility of such policies with
environmental sustainability and the livelihoods of poor farmers. The scepticism towards
these policy thrusts aligns with the broader critique within the literature on the risks of

commercialized agriculture (M. A. Altieri, 2018; Tscharntke, Clough, et al., 2012).

Creating balanced diet awareness and establishing strategic national food reserves were
identified as effective for improving food diversity, price stability, and biodiversity. This
underscores the importance of, not just food availability, but also food quality and stability
in prices as essential components of food security (FAO, 2018). These findings resonate
with the literature that highlights the role of diet diversity in nutritional outcomes and the
stabilizing effect of food reserves on prices (Headey & Ecker, 2013). School feeding
programmes were noted for their effectiveness in providing income support for poor

households, emphasizing the multifaceted benefits of such initiatives, including
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educational, nutritional, and economic impacts. The effectiveness of School feeding
programme is supported by the literature, which suggests that school meals can boost
school attendance, improve nutritional status, and have a positive economic impact on
communities like (Bundy et al., 2024; P Bundy Nilanthi de Silva Susan Horton Dean T

Jamison George C Patton et al., 2018)).

Encouraging organic farming and supporting small farmers, mixed farming, and cropping
systems were highlighted as effective across all studied food system goals except food price
stability. The emphasis on organic farming and small-scale agriculture underscores their
potential to improve soil health, biodiversity, and food access, aligning with the literature
that posits these practices as sustainable pathways to achieving food security (Ball et al.,

2018).

Increased focus on forest conservation and sustainable food harvesting was identified as
effective for all six sustainable food system goals, emphasizing the critical role of
ecosystems in supporting food security, biodiversity, and livelihoods. This perspective is
supported by research advocating for the conservation of natural habitats as vital for

sustainable agricultural practices and food systems (Chazdon et al., 2016).

The outcomes from the discussion point towards a preference for policies that support
ecological sustainability, soil health, and the livelihoods of smallholder farmers over those
that promote commercialization and monoculture practices (Chazdon et al., 2016). These
findings suggest a need for Nigerian policymakers to prioritize organic farming, credit, and
labour subsidies for smallholder farmers, healthy diet awareness, and forest conservation
to achieve comprehensive food security and environmental sustainability. The analysis
underscores the importance of integrating indigenous knowledge, supporting small-scale
agriculture, and ensuring environmental conservation within the agricultural policy
framework to address the unique challenges of food security in Northeast Nigeria. The
emphasis on agroecological practices over conventional agricultural systems offers a path
towards sustainable intensification (a process of increasing agricultural productivity on
existing farmland while minimizing environmental impacts and preserving resources for
future generations), balancing the need for increased food production with environmental

sustainability and social equity.
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4.3. Conclusion and Recommendation on the Effectiveness of APP Policy Thrust
The outcome of these discussions, as summarized in Table 4.7, is important for shaping the

Nigerian food system. Though the APP thrusts are geared towards achieving sustainable
development, Nigerian policy makers should focus more on encouraging organic farming,
credit provision, labour subsidies to support smallholder farmers, forest conservation and
food harvesting to achieve food security, environmental sustainability, and employment.

They should also focus on creating balanced diet awarenesss amongst the population.

It is clear from the discussion that most of the farmers survive on their labour and food
from forest and their farms. They are poor but are still able to eat food from their farms.
Having access to land and being able to depend on their indigenous knowledge, previously
stored seeds, the forest, and labour for food and wellbeing is paramount to their survival.
The shift to commercialization of farms and commaoditization of food may not favour the
majority of Nigerian farmers. These farmers are mostly poor and not educated and may
not be able to take advantage of the new opportunities presented in commercial farming.
These farmers have very small farm sizes and may not be able to buy more land or get
support from financial institutions. The probability of losing their small lands which they
depend on in the face of this policy push for large farm sizes to accommodate
commercialized farms is high. Hence, food insecurity in this area might be worsened by lack
of entitlement resulting from farmers losing their lands, not being able to compete with

rich farmers, unemployment, and deforestation that will come with large scale farming.

By subsidizing inputs cost for the large farms, agricultural policies depress food prices and
income of small farmers. This support will favour the production and consumption of a few
types of crops. So, the changing eating habit which may have contributed to the rise in non-
communicable disease may be the emergence from the interventions in the food system
over the years. If policies continue to support the mass production and consumption of a
limited variety of foods, without giving indigenous food diversity a chance on farms, both

human health and the natural environment will suffer increasingly negative consequences.

The concern raised by the participants on conservating the forests should be considered
diligently. There is need to balance forest conservation for the good of biodiversity and the

livelihoods of those who depend on the forest. Community-based forest management
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might be a good way to bring about the balance needed. Food diversity, biodiversity, soil
health, increased employment and income support for the households will benefit from
the provision of credit and labour subsidies, organic farming, forest conservation and

sustainable food harvesting.
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Chapter 5: Household Food System Survey Results and Discussions
A field survey was carried out on households’ socioeconomic characteristics, farming

activities, forest food harvesting and food security in Northeast Nigeria. A questionnaire
was used in collecting primary data face-to-face from 375 households. The data collection
process was interrupted by the COVID 19 restriction which had effect on movement in
Nigeria around the first week of April 2020. The data was collected between 10™ of March
and the first week of April 2020. Due to COVID 19 restrictions, only 375 households out of

the 400 households originally proposed were covered.

5. 1. Household demographic and food security survey results and discussions
The results presented in Table 5.1 summarises the socioeconomic characteristics of the

households. The household is a very important social unit for farm decision making,
sourcing food, food preparation and consumption. Hence, the household is an important
unit for food system and food security studies. The socioeconomic characteristics covered
in the study were: gender; marital status; educational qualifications; occupation, age;
household size; and presence of children within the household below the age of 18 years.
In addition, the survey captured data in relation to their food sources, income and
expenditure of the households. Further analysis on how these factors contribute to food

security were explored in Chapter 6.
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Table 5. 2. Socioeconomic Profile of Households in Study Area of Northeast Nigeria 2020

Socioeconomic Characteristics Freq % Min Mean Max SD
Gender of the Household (HH) Head

Male 306 81.6

Female 69 18.4

HH with children below 18 258 68.8

HH size 1 8.25 30 491
Number of persons employed in a HH 0 1.19 9 1.57
HH Dependency ratio 185 493 O 3.18 18 3.36
HH without employed member HH size 190 50.7 1 8.76 27 5.49
HH with employed member HH size 185 493 1 7.69 30 4.17
Marital Status of the HH head

Married 293 78.1

Single 25 6.7

separated/divorced 57 15.2

Age 25 50.57 82 12.87
Highest educational qualification in HH

No education 74 19.7

First School living 34 9.1

O level 93 24.8

NCE/OND 94 25.1

First degree/HND 64 17.1

Postgraduate degree 16 4.3

HH head formal education in years 0 10.56 18 6.046
HH head Primary occupation

Civil servant 80 21.3

Farmer 219 584

private sector employed 9 2.4

Trader 48 12.8

Artisan 4 1.1
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Table 5. 1 Socioeconomic Profile of Study Households in Study Area of Northeast Nigeria (continued)

Socioeconomic Characteristics Freq % Min  Mean Max SD

HH head Secondary occupation

Civil servant 86 23

Farmer 151 40.3

private sector employed 15 4.0

Trader 79 21.1

Artisan 21 5.6

students/unemployed 23 6.1

Years of farming experience 0 22.39 60 12.98
Primary source of food

Borrowed, bartered, exchanged for labour, gift from friends or relatives 24 6.4

Own production, gathering, hunting, fishing 218 58.1

Purchased 133 355

Cost of planting materials/year 0 73063.73 1500000 156880.8
Farm income/year 0 982773.6 6800000 1393346.4
HH income/month 0 149824.64 570400 184608.3
HH total expenditure/month 3000 56236.56 540000 72445.27
HH Food expenditure /month 1000 37746.19 340000 45711.04
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The results in Table 5.1 reveal that 81.6% of the households were male headed, with 78.1%
of household heads being married. Additionally, 68.8% of the 375 households had children
under 18, who are considered dependents and as a result increase household expenditure.
The mean household size was 8.25 (SD 4.91), and on average, 1.19 persons were employed
per household. The job dependency ratio, calculated by dividing the number of non-
working members by the number of working members, showed that 190 households had
no employed members, while 185 had at least one employed member. Households with
employed members had a mean dependency ratio of 3.2 (SD 3.33), with working members
supporting between 0 and 18 persons. In contrast, households without employed members
had a household size ranging from 1 to 27 persons, with a mean size of 8.8 (SD 5.49), higher
than the 7.7 mean size (1-30 persons) of households with employed members. The average

age of household heads was 50.57 years, with ages ranging from 25 to 82 years.

The result of household members highest educational qualification showed that most of
the households had member(s) with NCE/OND (Nigerian certificate of education/ ordinary
national diploma) (25.1%). This was closely followed by those with O level certificates
(24.8%). Notably, 19.7 % of the households did not have any member with any educational
qualification. However, 4.3% of the households had a member with a postgraduate degree.
The result on the number of years the household head had spent in formal education
showed a minimum of zero and a maximum of 18 years. The mean years of formal
education for the household heads was 10.56 years. Like the highest educational

qualification result, 19.6% of the household heads had zero year of formal education.

When the occupation of the household heads was assessed, the results showed that a
greater proportion of the household heads were primarily farmers (58.4%), civil servants
(21.3%), and few artisans (4%). Greater proportion of the household heads that had

secondary occupation did farming (40.3%) and worked as civil servant (23%).

The mean farming experience of the households in the study area was 22.39 years. Some
of the household heads had no farming experience. The households had a maximum of 60
years farming experience. Being a farming community, a greater proportion of the
households indicated that their main source of food is their farms and harvest form the

wild (58.1%). About 36% of the households depended mainly on purchase for their
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consumption. There were still people who got food mainly by borrowing, bartering,

exchange for labour, gift from friends or relatives (6.4%).
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Figure 5. 1. Crops Planted in the Study Area
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The results presented in Figure 5.1 showed that farmers in the study area planted 47
different kinds of plants for food and for sale. This result shows the crop produced by the
households and the four most planted crops are in the middle of the figure in red fonts.
The main crops produced in this area was sorghum, maize, yam, and millet. Some of the
farmers indicated that they planted cassava, yam, maize, melon, pepper, tomatoes,
cocoyam, and ariel yam in the same plot of land. Some were planted together in the same
soil heaps. Some mounds had only two or three crops and some had up to five different

crops depending on the location of the mounds in the farm.
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Figure 5 3 : Soil Mounds for Planting Yam
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Table 5. 3. Farm Practices of the Study Households

Farm Practice Frequency percentage
Non-farmers 8 2.1
Farm types

Crop farming 105 28
livestock farming 52 14
mixed farming 210 56
Crop farming system practiced

mixed cropping 269 85
monocropping 46 15
Main source of your planting materials

None 10 2.7
own stored from previous harvest 194 51.7
seedling from breeding companies 20 53
buy from neighbours or farmer in local market 151 40.3
* Crops produced

Vegetables and fruits 16 4.3
Ornamental plants 2 0.5
Plantation plants 10 2.7
Food crops 299 79.7
Cash crops 110 29.3
*Under-utilised crops

Ogbono 6 1.6
Yam bean/ariel yam 9 2.4
Fio fio (cajanus cajan) 0 0
Cocoyam 232 62

*Multiple response
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The results presented in Table 5.2 showed that 56% of the farm households practiced
mixed farming, followed by crop farming (28%) and livestock farming (13.9%). The results
showed that about 98% of the households were involved in farming. Those involved in
mixed farming systems kept both livestock and crops. Crop farmers indicated in this study
kept no farm animals. The livestock farmers which include the cattle herders, and other
livestock farmers that kept sheep, goats, pigs, poultry, grass-cutters, snails and other
livestock, did not do crop farming. When the cropping system was further explored, the
results showed that a greater proportion of the crop farmers practiced mixed cropping
(85%). Those involved in monocropping constituted only 15% of the crop and mixed

farmers.

The study assessed the types of crops produced in this area. The results presented in Table
5.2 showed that 79.7% of the farmers produced food crops which help to supply their
family’s food. This was followed by cash crops producers (29%). These cash crops,
benniseed, groundnut, soybeans, and sugar cane, are crops produced mainly as a source
of income. About 3% of the households produced plantation crops like palm, mango, and

bush mango. Very few households were involved in ornamental plants (0.5%).

The main source of planting materials like seeds and stems was assessed. The result
showed that most of the farmers got their planting stock from their own preserved
previous harvest (51.7%). Many of the farmers bought their planting materials from
neighbours or farmers in their local markets (40.3%). Few of the farmers patronised the

seed and breeding companies (5.3%).

Farming of some neglected and underutilized crops were assessed. The result showed that
there were still many farmers planting cocoyam in the study area (61.9%). Although pigeon
pea (Cajanus cajan) is widely consumed in Nigeria, none of the study farmers planted it.
More than 2% of the households still planted aerial yam on their farms. Planting of these

underutilized crops would be important for food and nutritional security and biodiversity.
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5.2 Household Farm Size and Labour
As shown in Table 5.3, households in this area owned small parcels of land mostly

measured in plots (50ftx100ft). The households owned a mean of 12.07 such plots of land.
This includes households that had no land and those that had up to 1000 plots of land. The
study also looked at the sizes of cultivated lands by the households over three years, 2017,
2018, 2019. The farmers cultivated a mean of 6.81 plots in 2017, 6.69 plots in 2018 and
6.75 plots in 2019. The maximum number of plots cultivated by the farmers in 2017, 2018,
and 2019 were 90, 85, and 100 plots, respectively.

The number of animals kept by livestock farmers involved in the production of pigs, cattle,
poultry, sheep and goats was recorded. Some households were involved in bee keeping for
honey production. The results presented in Table 5.3 showed that pig farmers kept a
maximum of 940 pigs and a mean of 25 pigs. Cattle farmers kept a maximum of 3200 cattle
and a mean of 78.6 cattle. Those involved in poultry production which includes chicken,
quail, guinea fowl, turkey and ostrich, kept maximum of 1020 birds and a mean of 61.47.
The households that kept sheep and goats had a maximum of 800 animals and a mean of

28.64. Beekeepers had a maximum of 3 beehives.
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Table 5. 4. Land Size and Livestock Farming

Land and Livestock Variables Min Max Mean SD
Total farmland owned by the household in plots 0 1000 12.07 56.191
Distance between home and closest farm in KM 0 50 9.21 7.503
Number of crop plots farmed in 2019 (50ft x 100ft) 0 100 6.75 11.265
Number of farm plots on 2018 0 85 6.69 10.713
Number of crops plots on 2017 0 90 6.81 11.362
Number of pigs on the farm 0 940 25.12 119.34
Number of cattle on the farm 0 3200 78.6 321.744
Number of poultry on the farm 0 1020 61.47 130.631
Number of sheep and Goat on the farm 0 800 28.64 85.556
Number of beehives do you keep 0 3 0.02 0.22
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The study looked at the different activities carried out on the farm and the labour needed
to carry out these activities. The cost of doing each of these activities were captured in
Naira/person day. The farm size was measured in plots as this was the most common
measure of land in Nigeria, and the labour was measure in person days because farm
labourers were mostly paid a daily pay rate. The result showed that from clearing to
harvesting the farmers needed a mean of 13.5 person days/plot/year. A minimum of 3
person days and a maximum of 31 persons days were needed by farmers to farm a plot of
land. The labour needed for clearing a plot of land was between 1 and 5 person days.
Clearing requires a mean of 2.73 person days. The cost of hiring labour for clearing was
between 8700 and #2000/person/day. This variation in labour cost mainly reflected the
location of the farms. Farms in the urban areas paid more for labour than the ones in the
rural areas. The mean cost of hiring labour for clearing was #1027.24/person. To till the
soil, farmers required the minimum of 1 and maximum of 3-person days. The mean of 1.48
person days was required for tilling. To hire labour for tilling, farmers paid between #1000
and 82600/person day. They paid the mean of 81712.38 to hire labour for tilling. It took
between 1 and 6 persons to plant a plot of land. Labour for planting had a mean of 3.66
persons day. The labour cost for planting ranges from #1000 to 8#2000/person day. The

mean cost of hiring labour for planting was about #1435/person day (see Table 5.4).
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Table 5. 5. Farm Activities and Cost of Labour for Different Farming Activities of the Study Household Farms

Labour Variables Freq % Min Mean Max Std
Labour person day/plot/year 3 13.5 31 3.167
Clearing labour 1 2.73 5 0.93
Clearing cost 700 1027.24 2000 298.44
Tilling labour 1 1.48 3 0.55
Tilling cost 1000 1712.38 2600 303.55
Planting Labour 1 3.66 6 0.92
Planting cost 1000 1435.29 2000 345.86
Weeding labour 1 3.31 4 0.68
Weeding cost 1500 1839.94 2500 294.43
Harvest labour 1 7.02 22 3.74
Harvesting cost 1500 1731.58 2100 273.9
*Sources of your labour

Family members 274 73.1

Voluntary service 59 15.7

Hired labour 250 66.7

Availability of farm labour

Rarely 53 14.1

Always 139 37.1

Often 170 45.3

Main source of farm power

Animal traction 67 17.9

Manual labour 195 52.0

Tractors machines 3 0.8

Tractors machines and manual labour 96 25.6

Production system used by the farmers 12 3.2

Complete manual handling 308 82.1

Semi-automated 55 14.7

*Multiple response (respondent could select more than one answer)
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Weeding required between 1 and 4 person days/plot and a mean of 3.66 person days. The
cost of hiring labourers for weeding was between #1500 and §2500/person day and a
mean of about #1840/person day. When it comes to harvesting, the results presented in
Table 5.4 showed that it takes between 1 and 22 person days to harvest a plot of land with
mean of about 7 person days. The farmers paid a minimum of #1500 and a maximum of
#2100 /person day for harvest. The mean amount paid for harvesting was

#§1731.58/person day.

When the sources of farm labour are examined, the results showed that the greater
proportion of the farming households got their labour from their family members (73.1%).
About 66.7% of the farmers used hired labour. Few farmers had voluntary labour (15.7%).
These can be friends of the farmer or members of the community, who work for the farmer
as help to ailing or bereaved farmers. The voluntary labour was given to the farmers by
non-family members whose farm labour were not paid for. A greater proportion of the
farmers indicated that farm labourers was often available (45.3%). About 37% of the

farmers indicated that farm labour was always available.

When the sources of farm power were explored, the result showed that 52% of the farmers
depended on manual labour for their farming. About 26% of the farmers used both tractors
and manual labour. Those that used both animal traction and manual labour constituted
17.9% of the respondents. Only 0.8% of the farmers depended mainly on tractors and other
farm machine. This result shows that most of the farming activities going on in this area
were done manually. Hence, 82% of the farmers indicated that their farming activities were

mainly done manually.

The study also explored the households’ financial situations (see Table 5. 5). Households
annual farm income, average monthly income from farm and off farm jobs, average
monthly expenditure and household food expenditure per month data were assessed. The
results showed that the households in the study earned between zero and
#46,800,000/annum from their farms. This was measured by totalling the farm income of
the previous season. The average farm income of the households was #982,773.6, with a
standard deviation of %1,393,346.4. The monthly income of the household captured the

average total farm and off-farm income of every household member in a month. The
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household income was calculated by totalling all members’ income in a month less the tax
paid. This was the disposable income available for the household. The result showed that
households earned between zero and #570,400/month. The mean average monthly
income of the household was 8149,824.6, with standard deviation of 184,608.3. Household
monthly expenditure was calculated by summing all spending of the household excluding
investment spending and savings. The household average spending per month was
between #3,000 and #540,000, with a mean of #§56,236.50. When the food expenditure
was assessed, the result showed that households spent a mean of 8#37,746.19/month on
food purchase. This includes a minimum monthly food expenditure of #1,000/month and
maximum food expenditure of #340,000/month. Even though some households earned
nothing in a month, they still spent at least #3,000 for all household expenses including

bills and fees, and #1,000 on food.

To understand the financial situations of these households, income percentiles were
generated from the data to explore the disparities in the earnings and expenditures of the
households. For ease of comparison to available national data, per capita income of the
household was calculated. Per capita income and expenditure were calculated by dividing
the income and expenditure by household size. The results presented in Table 5.5, show
that the lowest 25% of the households earned less than #180,000/year from their farms
and ™28,000/month average household income per month. The lower 25% of the
households spent less than #%21,000/month and #15,000/month on all household
expenditure and food, respectively. The upper 25% earned more than #1,087,000/year
from their farms, #290,000/month as their household monthly income, and spent more
than #50,000/month for the household expenditure and #37,250/month on food
purchase. The interquartile range for the farm income was 910,250. The results in Table
5.5, shows that the average per capita income from the farm was %151,201.4/year.
However, the income quantile distribution shows that the lowest 25% of the household
earned less than 822,857.14/capita a year from their farms, and 84,300/ capita as monthly
income. The upper 25% had more than #™173,333.3/capita from farms and
#33,333.3/capita monthly income.
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Table 5. 6. Household and Per Capita Income and Expenditures of Surveyed Households

Statistics Farm Farm income Household Household Household Per capita Household Food per capita
income/year per capita income/mo  income per total household expenditure food
(M) (M) nth (M) capita (M) expenditure/ expenditure (H) /month (¥) expenditure
month () (M)
Mean 1013306.93  151201.40 159717.97  25832.59 56236.56 8763.57 37746.19 5848.03
Std. Dev. 1393346 232702.3 184608.29  42227.43 72445.27 11556.64 45711.04 6919.54
Perc 25 180000 22857.14 28000 4300 21000 2653.85 15000 1875
entil
es
50 400000 60000 58000 10000 30000 4600 23000 3333.333
75 1087000 173333.3 290000 33333.33 50000 9000 37250 6666.67

130



5.3 Household Socioeconomic Characteristics Results Discussion
Food security in Northeast Nigeria is significantly influenced by household socioeconomic

characteristics such as gender, age, marital status, education, income and farming
experience (Kemi et al., 2014; Omonona et al., 2007; Owoo, 2018). The predominance of
male-headed households, which aligned with the national trend (Tsue, 2015), and the large
household sizes common in the region, underscore a complex interplay between
demographic factors and food provision capabilities. While larger household sizes could
theoretically offer more labour for farming, the presence of dependents who contribute

minimally to food production or income exacerbates vulnerability to food insecurity.

High unemployment rates compound the food security challenge, leaving many
households without a steady income to support basic needs. There is a problem of high
unemployment in Nigeria, and this applies to these farming communities also. Many large
households in the study area had nobody in the household with a regular job to provide for
the family. This lack of support for households without any working members has serious
implications for household food and nutrition security. Those with employment also had
the burden of taking care of other unemployed members of the households and some are
taking care of up to 18 persons as seen in the dependency ratio in the presented results.
The results on employed persons, dependency ratio and household size shed light on the
high dependency ratio of these households, which might negatively impact the welfare of
the households. The results agree with the findings of lke, et al. (2017b), where 83% of the
households in Taraba State had children below 18 years of age, and the average household
size was 8.1 person. The results showed that most of the household heads were in the
economic and physical active age where they can do physical work like farming and take
up more income generating jobs to provide for their households. Though younger
household heads are expected to work more and earn more, wealth can be argued to
accumulate over a life cycle. So, households with older household heads have been found
to be more food secure than the ones with younger heads (lke, 2017b). The accumulated
wealth tends to serve as an insurance against an economic downturn and other

eventualities that may affect household food security.

It is important to consider the level of literacy of the household heads as well as the

education of other household members as part of the socioeconomic characteristics of the
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household. Though the literacy of the household heads impacts on the welfare of the
household, the education of other household members is also expected to impact on their
access to information and other productive resources. Compared to the country adult (15+)
literacy average (57.9% in 2010 and 62% in 2018) (Knoema, 2018), both the highest
educational qualification of members and the number of years the household head spent
in formal education show that the literacy level of people in this area is low. The low literacy
level of the people in the study area is reflected in the finding that about 20% of the
households have nobody with any form of educational qualification, and a mean year of

education of about 10 years.

The agricultural sector, primarily comprising smallholder farming, stands as a critical but
strained (unease) source of livelihood. Secondary occupations, and diverse income
strategies, emerge as essential for household food security, highlighting the need for
policies that support agricultural diversification and access to education (Mgbenka et al.,
2015; Sabo et al,, 2017). The low literacy levels in the region further limit access to

information and opportunities for enhancing agricultural productivity and sustainability.

Land use governance in areas with land conflicts requires careful consideration, especially
in the context of agriculture-based communities. The challenges posed by land conflicts,
such as those arising from disputes between crop farmers and cattle herders, significantly
affect agricultural productivity and sustainability. The governance of land use, therefore,
plays a pivotal role in ensuring that agricultural practices are sustainable, conflicts are
minimized, and land resources are used efficiently and equitably. This is crucial for
maintaining biodiversity, managing grazing practices, and ensuring the security of both
crop and livestock production systems against the backdrop of violent conflicts and

insurgencies, such as those perpetrated by Boko Haram (Chukwuemeka et al., 2018).

This diversification of farming systems reflects the region's agricultural diversity crucial for
mitigating risks associated with monoculture practices (Altieri & Nicholls, 2017). Central to
this discussion is the adoption of mixed farming and cropping systems, which is not merely
a reflection of traditional values but a strategic approach to enhancing biodiversity, food
security, and environmental sustainability. The presence of mixed cropping among crop

farms could contribute to dietary diversity and food security by providing a range of food
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crops throughout the year (M. A. Altieri & Nicholls, 2012) . Pretty et al. (2011) argue that
mixed farming systems can enhance biodiversity, improve food security, and reduce
environmental impacts. The substantial preference for mixed cropping over monocropping
underscores the community's food traditional value and resilience strategy. This practice
can reduce pest and disease outbreaks and stabilize yields, offering a buffer against food
insecurity (Pretty et al., 2011). Mixed cropping, practiced by crop farmers also highlights
an important strategy for optimizing land use and improving crop yields through synergistic
plant interactions, a principle supported by (Tscharntke, Clough, et al., 2012) in his study
on the ecological basis of intercropping. This diversified approach can enhance soil fertility
through the incorporation of manure and reduce dependency on a single source of
livelihood, thereby increasing resilience to market and climatic shocks (Herrero et al.,

2010).

The reliance on the use of own stored seeds from previous harvests and purchases from
local markets or neighbours highlights the importance of community-based seed sharing
systems for sustaining agricultural biodiversity, as documented by (McGuire and Sperling,
(2016a). The reliance on stored harvest for planting materials underscores the importance
of seed sovereignty and traditional knowledge in agriculture, echoing sentiments of some
researchers (McGuire & Sperling, 2016b, 2016c; Pautasso, 2015; Pautasso et al., 2013)

regarding the role of farmer-managed seed systems in agricultural resilience.

The average landholding and cultivated land area per household in the study indicate that
smallholder farming is the dominant practice, supporting the findings of researchers who
note that smallholder farms play a critical role in global food security (Lowder et al., 2016;
Mailumo et al., 2022; Sabo et al., 2017). The slight variation in the number of plots
cultivated over three years suggest limited expansion capacity for farming households. This
limitation underscores the importance of sustainable land management practices to
enhance productivity without expanding the land under cultivation, as advocated by Pretty
et al. (2011). The data on livestock - pigs, cattle, and poultry, reflect the diversity in livestock
keeping, which is crucial for household nutrition and income diversification. According to
(Herrero - et al. (2013), livestock is a vital asset for rural households, contributing to
economic stability and dietary diversity. The significant variability in land and livestock

holdings, however, points to disparities in resource access for farmers, which could affect
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food security outcomes, as argued by Barrett (2008) in discussions on the links between

smallholder farming, food security, and the environment.

The reported labour days per plot per year and the associated costs reflect the intensive
labour requirements of traditional farming practices. The considerable reliance on family
members for farm labour illustrates the critical role of family in small-scale agriculture, a
theme explored by Kassie et al., (2014) and Shiferaw et al. (2014)who argue that family
labour is a cornerstone of resilience in smallholder farming. The relatively high costs of
labour for tilling and harvesting suggest that labour inputs represent a significant
expenditure for farmers, affecting their overall profitability and sustainability, as
highlighted by Jayne et al. (2010) in their examination of the challenges facing African

smallholder farmers.

Seasonal variability in agricultural production notably impacts farm labour intensity in
Northeast Nigeria. The cyclical nature of agricultural activities means that labour
requirements fluctuate throughout the year, with peak periods demanding increased
labour for planting, weeding, and harvesting. This seasonality can exacerbate the
challenges of high labour costs and the reliance on family labour, as families may need to

hire additional labour during peak times, further straining their finances.

The analysis of household financial situations in this farming community reveals significant
insights into income, expenditure, and food security dynamics. The findings illustrate a
wide range of annual farm incomes, from zero to #6,800,000, with an average farm income
of #982,773.6. This variability is further highlighted by the standard deviation in farm
income of #1,393,346.4, suggesting considerable income disparities within the community.
Monthly household incomes, incorporating both farm and off-farm sources, ranged from
zero to &8570,400, with an average of 8149,824.6. Such disparities extend to household
expenditures and food spending, reflecting the financial stratification among farming

households.

The findings on income percentiles and per capita calculations provide a nuanced
understanding of financial well-being among households. The lower 25% of households, for

instance, earn less than #180,000 annually from farming and have a monthly household
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income of 828,000, spending less than #21,000 on household expenses and 15,000 on
food. Conversely, the upper 25% of households have significantly higher earnings and
expenditures, indicating a pronounced financial disparity within the community. This
economic disparity is further evidenced by the household and per capita income quantiles
which show that the upper 25% of households earn more than six times the farm income,

and ten times the average monthly income compared to the lower 25%.

Moreover, the study reveals that a majority of households primarily source their food from
their own farming activities, with a significant portion also relying on purchasing,
borrowing, bartering, gifts, or aid. This reliance on self-produced food highlights the
vulnerability of these households to disruptions in their farming activities, whether due to
environmental challenges, security issues such as conflicts with herdsmen, Boko Haram

insurgencies, or other factors.

The implications of these results are multifaceted. First, the significant income variability
and disparity among households suggest that interventions aimed at improving household
income and food security in farming communities must be nuanced and targeted,
considering the specific needs of different income groups. Additionally, the reliance on self-
produced food for the majority of households underscores the importance of stable and
secure farming conditions for food security. Disruptions due to security issues or other
external factors could significantly impact these households' ability to meet their food

needs, exacerbating food insecurity.

In conclusion, our work reported this Chapter uncovered the intricate relationships
between agricultural practices, land management, livestock integration, and labour
dynamics, all of which are crucial determinants of food security in Northeast Nigeria.
Central to this discourse is the recognition of mixed farming systems' pivotal role in
ensuring agricultural adaptability and resilience. By integrating crop and livestock farming,
these systems not only mitigate risks associated with monoculture practices but also
promote biodiversity, reduce environmental impacts, and secure food supplies through
synergistic interactions between plant and animal components. Such practices, deeply

embedded in the community's traditions, demonstrate a resilient approach towards
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sustaining agriculture in the face of fluctuating climatic conditions and economic

uncertainties.

The investigation into community-based seed sharing systems reveals a profound reliance
on seeds saved from previous harvests or obtained through local exchanges, highlighting
the significance of seed sovereignty and the preservation of traditional agricultural
knowledge. This reliance not only champions biodiversity, but also stands as a testament

to the community's resilience and sustainable agricultural strategies.

Smallholder farms, characterized by small landholdings, embody the region's agricultural
backbone, underscoring the pressing need for sustainable land management practices
aimed at maximizing productivity within existing constraints. This necessity is further
amplified by the intensive labour requirements associated with traditional farming
practices, predominantly shouldered by family members. The findings echo the broader
discourse on the importance of smallholder farms in global food security, advocating for

diversified and sustainable agricultural methods of production.

The analysis also draws attention to the socio-economic dynamics influencing agricultural
productivity, emphasizing the critical role of labour management in enhancing farm
sustainability. The findings of the study suggest the need for a comprehensive suite of
policy interventions aimed at supporting agricultural diversification, sustainable land and
labour management, and enhancing resilience against environmental and economic

shocks.

The findings of this research advocate for the promotion of integrating crop and livestock
farming, capitalizing on the advantages of biodiversity and the synergy between different
farming practices to enhance both food security and environmental health. There is a
pressing need to enhance local seed systems, improve access to high-quality seeds, and
promote practices of community-based seed sharing and preservation. Customized
financial solutions designed for smallholder farmers can mitigate the economic challenges
linked to labour expenses and investments in sustainable agricultural methods.
Additionally, providing education and resources to promote sustainable land management

practices is essential for increasing agricultural output while maintaining soil health and
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ecological balance over the long term. To achieve a sustainable food system there is need
for farmers to consider the seasonal nature of farming, with strategies aimed at efficiently
managing labour requirements and diminishing the labour-intensive nature of agricultural
work. Adopting an approach that honours traditional farming techniques while
incorporating modern innovations can significantly boost agricultural productivity and
sustainability. Moreover, improving farmers' access to education and extension services is
crucial for the adoption of new agricultural practices and technologies, which can lead to
enhanced productivity and stronger resilience. This research highlights the intricate array
of factors influencing food security in Northeast Nigeria, presenting critical insights into the
effective combination of mixed farming, community seed systems, and labour dynamics.
Through focused policy interventions and holistic strategies that tackle the diverse
challenges encountered by smallholder farmers, sustainable improvements in food security
and agricultural resilience can be achieved in the region. This strategy aims not only to
protect the livelihoods of farming communities from socio-economic and environmental
shifts but also to advance broader objectives of sustainable development and food

sovereignty.
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Chapter 6: The Food Security Situation of Households in Northeast Nigeria
This Chapter presents results on the food and nutritional security of households. A field

survey was carried out to gather primary data as there was little, or no, reliable secondary
data on food security in Nigeria. The study estimated the food and nutrition security of
households using the DDS module adapted from Kennedy et al. (2011), which looked at the
number of food groups the household consumed in the last 24hours before survey. Further
analysis of the groups of food consumed was used in estimating the consumption of
important macro and micronutrients like iron rich foods, vitamin A rich foods, animal
protein, or carbohydrate to determine the existence of hidden hunger. Since the study
aimed to identify ways of making household food security sustainable through a
sustainable food system, factors important to the food security of the households like
household socioeconomic characteristics, household farming activities, forest food
harvest, consumption of ultra-processed foods, and farming methods were explored. The
main source of food in terms of purchase or own farm production or gift aid were also

assessed.

6.1. Dietary Diversity Score of Households in Northeast Nigeria
DDS measure was employed at the household level to capture household access to

diversity of food. The frequency of the consumption of these food groups was also captured
to understand the pattern of their food consumption. The food groups captured were foods
consumed in the household by any or all the members. It did not include foods consumed
outside the household. The consumption of food outside the household by members of the
household was captured but excluded when calculating the DDS. This is because DDS is
designed to capture the diverse foods available and consumed within a household as a unit.
Incorporating foods eaten by household members outside the household setting into the
DDS could lead to the misinterpretation of the DDS assessment of the household's dietary
diversity. Food consumption outside the household setting may misrepresent the typical
food access, availability, stability or dietary patterns of the household. This is why, while
food consumed outside the household setting is recorded, it is excluded from HDDS which

focus is on the household-level food consumption.

The study also assessed the main source of food for the households. This was important to
understand how the households got their foods. It is also important in understanding the

avenue for improving access to food in this area.
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Figure 6. 1. : Distribution of Households that Consumed each of the 16 DDS Food Groups (unit: % of Households)
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The results presented in Figure 6.1 show that cereal was the most consumed food by the
households (98.4%). This was followed by white root and tuber like yam and cassava
(96.3%) and oil and fat (91.5%). The least consumed food groups were eggs consumed by
15.2% of the households, organ meat (23.5%), and flesh meat (34.1%). Only 40.8% of the

households consumed animal protein (see Table 6.1).

The 12 groups of food used in calculating HDDS were derived from the 16 DDS food groups
(see Kennedy et al. 2011). All vegetable food groups- vitamin A rich vegetables and tuber,
dark green leafy vegetables, or other vegetables are designated as vegetables. All fruits-
vitamin A rich fruit or other fruits are counted as fruits. In the same way, flesh meat or
organ meat is equal to meat in the HDDS. The result presented in Table 6.1 showed that
almost all households in the area consumed cereal (98.4%) and white roots and tubers
(96.3%) in the last 24 hours prior to the data collection. The food groups that were least
consumed were eggs (15.2%) and meat (40.8%). About 52% of the households had

members who ate outside their houses in the last 24 hours before the survey.
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Table 6. 1. Distribution of Households that Consumed the 12 DDS Food Groups

Food Groups (%) Rank
Cereal 98.4 1
White Roots and Tubers 96.3 2
Vegetables 95.7 3
Fruits 78.1 7
Meat 40.8 10
Eggs 15.2 12
Fish and Seafood 41.6 9
Legumes, Nuts, and Seeds 88 5
Milk and Milk Products Milk 21.9 11
Oil and Fat 91.5 4
Sweets, Sugar cane and Sweeteners 715 8
Spices, Condiments, Beverages 83.2 6
Household member eating any food outside the home 52 9
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The HDDS of the households are between 4 and 12 food groups. The result presented in
Figure 6.2, shows that all households in this area ate at least 4 HDDS food groups in the last
24 hours before data collection. A greater proportion of the households ate 8 food groups
(24.3%). The households that consumed 4 to 5 food groups constituted 3.2% and those that
ate all 12 food groups was 0.5%. The mean HDDS for the households in the Northeast was
8.2. The HDDS showed that the households in this area ate a diverse range of foods. This

may be due to the large proportion of household that eat wild food obtained from the

forest.
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Figure 6. 2. HDDS of Households in Study Area of Northeast Nigeria

The frequency of consumption of the different food groups was assessed by counting the
number of days in a week each food group was consumed in the household. The results are
presented in Table 6.2 and show that about 30% of the households ate cereal 6 days/week.
These cereals were consumed in the form of cooked rice, ground maize or rice prepared as
porridge (kunu) or thick pudding (tuwo), millet (jero) and Guinea corn(dawa), The mean

consumption of cereals was 5.4 days/week.
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Table 6. 2. Weekly Frequency of Household Consumption of DDS Food Groups

Food Groups Oday 1day 2days 3days 4days 5days 6days 7days Mean
Cereals 0.3 1.9 2.9 7.5 6.9 26.1 29.3 25.1 54
White roots and tubers 0 7.2 14.7 17.1 17.3 12.8 6.7 243 4.3
Vitamin A rich vegetables and tubers 30.1 14.9 29.3 10.9 4.8 5.9 0.3 3.7 1.8
Dark green vegetables 26.1 4.8 7.2 12.3 15.7 16 6.4 11.5 3.2
Other vegetables 5.6 6.9 27.5 17.1 16.3 13.1 6.9 6.1 3.3
Vitamin A rich fruits 13.9 15.5 34.1 20 9.6 4.5 1.1 1.3 2.2
Other fruits 30.4 14.1 31.2 14.9 5.9 21 0.5 0.8 1.6
Organ meat 27.5 41.9 304 0 0 0 0 0

Flesh Meat 9.6 53.3 40.8 0 0 0 0 0 1.3
Eggs 42.9 36.8 20.3 0 0 0 0 0 0.8
Fish and sea foods 12 9.3 221 349 13.6 7.7 0 0 25
Legumes, nuts, and seeds 2.9 9.9 22.9 23.5 10.1 18.7 8 0.3 3.4
Milk and Milk products 22.1 76.8 0 0 0 0 1.1 0 0.8
Oil and Fat 4.3 13.3 30.9 20.8 10.9 10.4 6.4 2.9 2.9
Spices, Condiments, and everages 24.8 4.3 8.3 3.2 5.4 11.7 19.5 22.4 3.9
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The number of times each of the food groups was consumed by the household was further
assessed. A household is recorded to have consumed cereal for seven days if they had any
cereal every day for the last one week prior to the data collection. So, if they had maize
porridge in the morning and/or rice in the evening of the same day it was counted as one
day cereal consumption. If they have cereal every day for seven days, it was counted as 7

days of cereal consumption for the household.

White roots and tubers consumption had a mean consumption of 4.3 days/week, and most
households ate white roots and tubers 4 days/week. Households consumed roots and
tubers like yam, cocoyam, white potato, and cassava processed into garri, fufu, alibo or
tapioca. All households that eat white roots and tuber ate it at least once a week. Vitamin
A rich vegetables consumption had a mean of 1.8 days/week and was mostly eaten twice
a week. A greater proportion of the households (30.1%) did not eat vitamin A vegetables
for a whole week. This might be due to the seasonality of vegetables in this area. About
26% of the households did not consume dark green vegetables in one week and it had a
consumption mean of 3.2 days/week. Vitamin A rich fruits had a mean of 2.2 days/week
with many of the households eating it 2days/week (34.1%), and about 14 % of the
households did not eat it. Organ meat consumption had a mean of once a week. A greater
proportion of the households consumed organ meat (41.9%) once a week prior to the
survey. About 27.5% of the households did not eat organ meant in a week. No households
ate organ meat more than twice a week. Flesh meat consumption had a mean of
1.3days/week. Most of the households had flesh meat (53.3%) in their meals once a week.
None of the households had flesh meat more than twice a week. A greater proportion of
the households did not eat eggs (42.9%) for a week prior to the survey. Eggs had a mean
consumption of 0.8days/week. No households had eggs more than 2 days/week. Fish and
other sea food were consumed more than flesh meat and organ meat in this area, and it
had a mean of 2.5days/week. Most households ate fish for two days/week (22.1%), and
none of the households had fish for more than 5 days/week. Results on the legume
consumption pattern of the households show that most households consumed legumes,
nuts, and seed for 2 days (22.9%) and 3 days (23.5%) in a week and this food group had a
consumption mean of 3.4days/week. The result on the consumption pattern of milk and
milk products shows that 22.1% of the households did not have milk in one week. A greater

proportion of the households had milk once a week (76.8%), and 1.1% had milk and milk
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products like yoghurt, locally known as nunu, for 6 days a week. Households had a mean
milk consumption of 0.8 days/week in this area. The consumption of oil and fat had a mean

of 2.9 days/week, and spices, condiments and beverages had a mean of 3.9days/week.

6.2. Consumption of Ultra-processed and Fast Foods
The study also assessed household consumption of ultra-processed and fast foods. These

are foods that have gone beyond primary and secondary processing. They are foods that
are processed with additional sugar, flavours, and preservatives. It covered foods like soft
drinks, energy drinks and bars, breakfast cereals, flavoured chips, flavoured candy, ice

cream, indomie (instant noodles), flavoured yoghurt, cake, hot dog and burgers.
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Table 6. 3. Household Consumption of Ultra-processed and Fast Foods in the Study Frea of Northeast Nigeria

Ultra-processed and fast-Food Cnsumption

More consumption of ultra-processed/fast foods with increased income:

Yes
No

Reasons for ultra-processed/fast food consumption:
Always available

Tastier than traditional home cooked food
Nutritious

Classy

Convenient

Cheap

*Where household members ate from:
Street food vendors and hawkers
Restaurant and Bukateria

Food relief and aid

Local food kiosk (food vendors in temporary structures)

Frequency

287
88

151
65
65
90
40
41

139
103

112

percent

76.6
23.4

40
17.3
17.3
24
10.7
10.9

37.1
27.5
0.3

29.9

*Multiple responses

147



The results presented in Table 6.3 showed that about 77% of the respondents would like
to eat more ultra-processed food if they had more income. The result showed that most of
the people indicated that ultra-processed foods were always available (40%). Some of the
respondents thought that eating ultra-processed food is classy (24%), and that eating these
foods make them look sophisticated and fashionable. It is important to note that about
17% of the respondents think ultra-processed foods are tastier and more nutritious than
traditional home cooked foods. Few respondents indicated that it is convenient (10.1%),
so fits their plans, need and activities. A greater proportion of the household members that
ate outside their homes ate from the street food vendors and food hawkers (37.1%). About
28% of the households ate in restaurants and bukateria (casual inexpensive restaurants).
Only 0.3% ate from food relief and aid. The main driver behind the preference for ultra-
processed foods among the respondents appears to be a combination of increased
financial capability and the perceived social status that eating ultra processed foods

presents.

6.3. Food contributions of farm crops to household food security
The contribution of farms to household food production and consumption was explored to

understand how much influence farms have on food security. The estimation used was
from their last farming season’s harvests. The proportions of different food groups
consumed in the households which they got from their own farms were explored. The food
groups covered were vegetables and fruits, grains, and roots and tubers. The results
presented in Table 6.4 showed that 26.7% of the households did not grow vegetables and
fruit. For those that planted vegetables, about 26% of them got 81 -100% of their
household vegetables consumption from their farms, about 25% got 61- 80 % and 81 -
100% of their vegetables from their farms respectively. Only 0.8% got less than 1% of their
vegetable consumption from their farms. The results showed that 27.7% of the households
did not produce grains, 17.3% of the households got 21-40% of their grain foods from their
farms, 16.8% got 81-100% and 16% got 41-60%. Only 0.8% of the households got less than
1% grain for consumption from their farm. Results on the contribution of the farms to roots
and tuber consumption of the households showed that greater proportion of households
producing roots and tubers (21.1%) got 61-80% of their household consumption from their
farms. About 18% got 81-100%, while 0.5% got less than 1% of their roots and tubers from

their farms.
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Table 6. 4. Percentage Contributions of Farm Produced Goods to household food security

Farm Contribution to Household Food

No of households

Percent of total

Vegetable and Fruits
Non vegetable producers
>1%

1-20%

21-40%

41 - 60%

61-80%

81 -100%

Grains

Non grain producers
>1%

1-20%

21-40%

41 _60%

61 -80%

81 -100%

Root and tuber

Non roots and tuber producers
>1%

1-20%

21-40%

41 _60%

61 -80%

81 -100%

What share of all your farm produce do you consume
All

50% or more

<50%

None

What share of your farm produce do you sell
<20%

20 -50%

51-80%

81-100%

100
3
18
27
34
96
97

104

33
65
60
47
63

106

17
36
66
79
69

112
206
53
14
57
121
181

26.7
0.8
4.8
7.2
9.1
25.6
25.9

27.7
0.8
8.8
17.3
16
12.5
16.8

28.3
0.5
4.5
9.6
17.6
211
18.4

1.1
29.9
54.9
14.1
3.7
15.2
323
48.3
0.5
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The study further investigated the sales and consumption of farm produce by farmers. The
result presented in Table 6.4 showsS that about 55% of the households consumed less than
half of all their produce. About 30% of the households consumed more than half of their
produce. Only 4% of the households consume all their produce. Assessing the proportion
of farm produce sold by the household, the result showed that 48.3% of the households
sold 51-80%, and 0.5% sold 81-100% of their produce.

6.4. Forest Food Contributions to Household Food Security in Northeast Nigeria
The study investigated activities of the household in the forest and forest harvest

contributions to food security. The distance to the nearest forest where the household
could source food, the types of forest foods harvested, income from selling harvested

forest foods, and the household forest food expenditure were also explored.
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Table 6. 5. Forest Food Harvest and Forest Food contribution to household food consumption

Forest food activities Freq % Min Max Mean Std
Distance to the closest accessible forest from home in KM 0 50 13.49 8.23
Number of days in a month spent on forest food searching 0 30 4,55 7.60
Getting food from the forest 179 47.7

Households that sell forest foods 76 20.3

Households that buy forest food 367 979

Income realised from the sale of the forest harvests in a year (Naira) 0 400000 13950.45 43948.81
Money spent on buying forest produce in a year (Naira) 0 300000 30413.24 49909.48
Average amount of money made from selling food harvested from the forest/day (Naira) 0 26000 3000.24 5809.78

*Types of forest foods bought

Bush meat 192 51.2
Vegetables and fruits 161 429
Mushrooms 14 3.7

*Multiple response
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The results presented in Table 6.5 show that people travelled an average of 13.49km to the
closest forest with distance to the closest forest being between zero and 50km. In
comparison, the distance to the closest farmland which had the mean of 9.21km (Table
5.3). About 48% of the respondents indicated that they go to the forest in search of food,
and 20.3% indicated that they sell forest products. About 98% of the households said they
buy forest foods. The results show that an average of 4.55 days were spent in search of
forest food. This included those that spent a maximum of 30 days and those that did not
go to the forest for food. The implication is that some of the households go to the forest

daily to source food.

The respondents were asked how much they got from selling the wild food they harvested,
how much they spent buying wild food from the forest, and what percentage of their
harvest is sold. When the economic value of forest foods was assessed, the results showed
that the mean income from forest food was #13,950.45/year with a standard deviation of
43,948.81 and the maximum income was #400,000/year. The households that engaged in
selling forest foods made a mean income of about #3000 from one day’s forest food
gathering. The mean expenditure on forest food purchase for the households was
#§30,413.24/year with the standard deviation of 49,909.48 and maximum of
#300,000/year. A greater proportion of the households harvested wild vegetables and
fruits (41.9%) from the forest. This was followed by bush meat and wild fish harvested by
37.9% of the households. Only 13% of the households harvested mushrooms from the
forest. The forest food harvesters sometimes sell these foods to get income for other
household expenses. Most of the forest food harvesters sold bush meat and fish (51.2%).
This was followed by those that sold wild vegetables and fruits (42.9%). Very few forest

food harvesters sold mushrooms (3.7%).

6.5. Discussion on the Food Security Situation of Households in Northeast Nigeria
This section discusses the results on the food security situation in Northeast Nigeria. This

covers the food and nutrition security level of households, the contributions of farm food
and forest food harvest to household food security. The roles of the different food
production methods in achieving dietary diversity for the households, the role of these
food production systems in ensuring employment within the farm to provide income for

the households, which in turn improves their ability to access foods, are also discussed.
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It is important to note that the DDS, from which the HDDS was derived, captured household
access to diversity of food and did not consider intra-household distribution of these foods.
This can obscure who within the household benefits from the available food diversity. For
example, if a household indicated that they had mango, which is only five in number for a
household of 1 or 26 persons. In this case it was recorded for the household as a unit that
they ate fruit. So, the result shows that the household as a unit ate fruit. To improve the
DDS result, in addition to capturing households’ access to diversity of food for food and
nutrition security, the study captured the frequency of consumption of these food groups
for 7 days prior to the interview. The inclusion of frequency data as an improvement adds
to better understand actual consumption patterns over time. It also collected data on
consumption of ultra processed foods and food eaten outside the home by members of

the households.

The results showed that household food consumption was high for carbohydrate rich food
and low for animal protein rich foods. This highlights the findings of lke, Jacobs, and Kelly,
(2017) that the most consumed food groups in this study area were carbohydrate rich food,
and the least consumed foods were protein foods, which are a very important nutrient
needed for the body, especially for growing children. The result pointing out that less than
half of the households consumed meat regularly underscores a significant gap in dietary
quality, which can lead to protein-energy malnutrition and micronutrient deficiencies,
often referred to as "hidden hunger”. The result showed the food groups of special interest
which are animal-based proteins and iron rich food were not widely
consumed. However, the consumption of vitamin A rich food which comprises of vitamin
A rich vegetables and fruit was widely consumed in the study area. This might be because
of the habit of adding palm oil to most food consumed in Nigeria. Also, the data collection
coincided with the mango season and ripe mango is one of the vitamin A rich fruits. For
animal-based protein rich foods, less than half of the households ate meat. It is clear from
the results that most of the households do not include meat in their daily meals and ate
very little food rich in the micronutrients of interest. This may have negative implications
for their health, and the growth and development of the children in the study area. Given

the low consumption of protein, micronutrients and vitamin rich food of interest, hidden
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hunger may constitute a problem in North East. This highlights a critical issue of "hidden

hunger" (Burchi et al., 2011)

Cereals, notably maize, millet, and guinea corn, not only form the nutritional backbone of
the participants diets, but also hold substantial cultural significance, often featured in
traditional dishes and communal rituals like drinking kunu and eating tuwo. This highlights
the role of food as both a cultural identifier, and a social binder, as noted in Hardy et al.
(2024); Mayowa, (2020) and Puoane et al. (2006). Similarly, the prevalent consumption of
root and tuber crops like yam and cassava, celebrated through various local festivals,
reflects their crucial role in ensuring food security, especially during times when other food
sources are scarce. These staples are generally favoured for their affordability and
storability, which also point to potential issues of limited dietary diversity and food

accessibility.

Moreover, the notably low intake of animal proteins- eggs, organ meats, and flesh meats-
suggests significant nutritional gaps, potentially leading to micronutrient deficiencies. This
pattern, indicative of socio-economic constraints and possibly influenced by cultural
dietary preferences, is explored in studies by Headey et al. (2018) and Kennedy et al.
(2011), who link low animal protein consumption to higher rates of micronutrient

deficiencies, particularly in vulnerable groups.

The consumption of a narrow range of primarily plant-based foods, despite the availability
of diverse food groups as indicated by the HDDS, raises concerns about nutritional
adequacy. This lack of diversity, compounded by economic, environmental, and social
factors, reflects broader systemic issues impacting dietary diversity and food security in

dryland regions.

The challenges of climate variability, land degradation, and economic instability call for
resilient farming practices and diversified livelihood strategies to enhance food security, as
discussed by Morton (2007). Additionally, the need for sustainable agricultural practices
and enhanced market access to foster the adoption of diversified diets is emphasized in

the literature, including work by Fraval et al. (2019).
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The result shows that the households in the study area consumed between 4 and 12 groups
of food according to the DDS classification. The gap between 4 and 12 will mean very little
if we do not understand what these numbers represent. The fact that the numbers
represent nutrients that are vital for human and society development, not consuming one
of these food groups sometimes may constitute a nutritional problem. Figure 6.1 (page
140) shows the most consumed food in the study area of which protein rich foods did not
make it to the top 10 out of the 16 food groups. For the 12 HDDS food groups derived from
the DDS, protein rich foods were fish, meat, milk and milk products at 9%, 10th, 11t
positions respectively, and 12t was eggs which was the least consumed food. The four most
consumed HDDS food groups are cereals which were consumed by almost all the
households in this area, within 24 hours prior to the data collection, followed by white
roots and tubers, vegetables, and oil and fat. The implication of this result is that
households that consumed only 4 food groups may have missed protein, iron and vitamin
A derived from animal sources. Their food may have been lacking in vital vitamins and
minerals needed for their nourishment. Drawing from the result, having the mean of 8
groups of food for this study area, may imply that most of the households in this area,
despite having herders and livestock farmers in the sample do not eat protein especially
animal protein. This is clearly seen from the number of times meat was included in the
household’s meals per week. AlImost all households ate meat (flesh meat and organ meat)
less than twice a week. Carbohydrate rich foods- cereal, and roots and tubers remained
the most frequently consumed foods in this area. About a quarter of the respondents had
white root and tuber and cereal every day for the 7 days covered in the study. And more
than half of the respondents had cereals for at least 6 out of the 7 days. For protein rich
foods, no households had eggs, organ meat and flesh meat more than 2 days in a week.

Only about 1% of the households had milk or dairy products more than once a week.

Fruit is highly seasonal in Nigeria and, particularly in the Northeast, due to the long dry
season. This is reflected in the results of frequency of consumption of fruit in this area.
Though the study coincided with the mango fruit season, the households had a mean fruit
consumption of about 2 days a week. The households consumed vegetables almost half of
the days studied, even though it was in the peak of the dry season. During the dry, and
harmattan (hot, dry Northeast trade wind), season, fresh fruit and vegetables are usually

scarce. Rain starts in Northeast Nigeria by June and ends in September. So, they have about
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four months of rain and eight months of dry season and harmattan, which is characterised
by no rain, high temperatures, and dusty wind (Adeniyi et al., 2009). The data collection for

this study was done during the peak of the dry season between March and April.

The timing of data collection during mango season and the dry season introduces a
seasonal bias that may not accurately reflect annual consumption patterns. This temporal
limitation affects the generalizability of the findings, particularly for vitamin A intake from
mangoes and the availability of fresh vegetables and fruits which are less available during
the dry season. This seasonal availability can lead to periodic nutritional improvements but
does not guarantee year-round food security (Adeniyi et al., 2009). The reliance on palm
oil for vitamin A intake might not adequately compensate for the lack of diversity in other
vitamin A sources throughout the year. The research into dietary patterns in the Sahel
region's drylands underscores a significant dependence on staples such as cereals and root
tubers, highlighting the intersection of agricultural practices and food culture
characteristics of this region. These patterns primarily illustrate the constraints imposed by

the ecological and agricultural challenges of dryland ecosystems.

The dietary patterns documented in the Sahel region not only reflect the current state of
dietary habits but also offer valuable insights for interventions aimed at improving both the
diversity and nutritional quality of diets in dry land regions. These findings are pivotal for
formulating strategies that address agricultural and nutritional dimensions, thereby
enhancing the resilience and sustainability of food systems in the Sahel, aligning with global
sustainable development goals. These results shed light on the nature of food and nutrition
insecurity in this area. Though these households may worry about their next meal or obtain
food using erosive food insecurity coping strategies (Ike, Jacobs, & Kelly, 2017b), their
food is still lacking in protein, iron and vitamin A rich foods. The use of food security
measures that capture only the consumption of calories will do very little to account for
the shortfall in the diversity of their diet especially the vitamins, iron, protein rich foods
and other essential nutrients derived from the consumption of a diversified diet. Other
household level food security measures like household food insecurity access scale (HFIAS),
which is good at clearly classifying the different levels of food insecurity (Coates et al., 2007;
Ike et al., 2016), will benefit from DDS results to understand the actual foods consumed,

and account for the nutritional security of the households. The DDS and the frequency of
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food groups consumed by households is important in designing focused improvement
plans for household food security in this area. Given that most households in this area have
growing children, it is important for households to have protein food that support the

growth and development of these children added to their meals.

6.5.1. Consumption of Ultra-processed and Fast Foods Result Discussion
The results on the reason for the consumption of ultra-processed foods may help

nutritionists understand the reasons for increasing obesity and other food related
problems in our economies. When the respondents were asked if they will eat more ultra-
processed food than traditional local food if they become richer, only less than 15% of the
respondents did not want to consume more of the ultra-processed foods. About 77%
preferred having less traditional foods like yam, cowpeas, fufu, tuwo, meat and milk that
has gone through little or no processing. So, most people in the study area are seeing ultra-
processed foods as the way to go as their financial condition improves. As a result,
increasing incomes in poor regions of the world without proper nutrition education in the
face of glamorous advertisements of these ultra-processed foods, may be encouraging its

consumption.

When exploring the reasons for the consumption of ultra-processed foods, a large
proportion of the respondents said that they eat ultra-processed food because it is always
available. This may reflect the availability of these edible products around the year. Ultra-
processed foods are unlike the fruits, vegetables and other farm produce which follow
seasons, vegetational belts, and a biological life cycle. Ultra-processed foods are also found
in all corners of the country even in remote villages and are physically accessible to many.
Some of the respondents even thought that eating ultra-processed foods makes them
classier than those who do not. It is noteworthy that some people thought that ultra-
processed foods contain more nutrition than unprocessed, or less processed home cooked
foods. However, literature has shown that most of these ultra-processed foods are not as
good as it is presented in adverts. According to Pérez-Escamilla (2017), dietary patterns
that are highly dependent on starches and added sugar-sweetener as found in ultra-
processed foods, explains the coexistence of obesity, and undernutrition and infectious
diseases in middle-income countries. These diets are typically high in calories, but low in

essential nutrients, leading to an increase in obesity and related chronic diseases such as
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diabetes and cardiovascular conditions. At the same time, the lack of essential vitamins and
minerals in these diets contributes to undernutrition, particularly in vulnerable populations
like children and the elderly, who may not get enough nutrient-rich foods to meet their
needs. Furthermore, poor nutritional status weakens the immune system, making
individuals more susceptible to infectious diseases. This dual burden of malnutrition- over
consumption of unhealthy foods and insufficient intake of nutritious foods create a

complex public health challenge in these countries.

The finding that 77% of respondents would increase their consumption of ultra-processed
food if they had greater financial resources, highlights significant socio-economic factors
influencing dietary choices. This preference underscores the influence of perceptions of
convenience, social status, and taste over nutritional considerations among consumers, as
outlined by Monteiro et al. (2018). Additionally, the association of ultra-processed foods
with classiness and sophistication by 24% of respondents illustrates a critical cultural shift
where traditional diets are increasingly replaced by foods perceived as modern or Western,
often at the nutritional expense. Kowalczuk et al. (2021) supports this view, suggesting that
ultra-processed foods are marketed as symbols of modernity and Western lifestyle,
appealing particularly to middle and lower-income populations in developing countries
seeking upward social mobility. This marketing effectively influences dietary choices and
warrants further exploration. Food choices, as social markers discussed by Cairns et al.,
(2013) indicate that eating behaviours help construct personal identity and social status,
pointing to the potential of public health campaigns to reframe healthy eating as desirable

and prestigious.

The study indicates that 40% of respondents views these foods as always available, and this
reflects their pervasive presence, especially in urban environments. This accessibility,
intensified by global urbanization and market strategies by large food corporations create
'food swamps' where unhealthy options overshadow healthier ones, as argued by Cooksey-

Stowers et al. (2017).

Moreover, the misconception by 17% of respondents that ultra-processed foods are tastier
and more nutritious than home-cooked meals, highlights a crucial misunderstanding and a

vital area for intervention. Public health initiatives could educate on the actual nutritional
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content of these foods, countering myths and promoting healthier choices, as supported
by Gorski and Roberto (2015), and Roberto et al. (2015). Given the high content of
unhealthy additives in ultra-processed foods, public health campaigns should address these

misconceptions directly.

The convenience factor, noted by 10.1% of respondents, aligns with global trends where
fast-paced lifestyles prioritize quick meal solutions, often at a health cost. Studies show
frequent consumption of ultra-processed foods is linked to negative health outcomes such
as obesity and heart disease (Moodie et al., 2013; Story et al., 2008). This trend underscores
the need for initiatives promoting convenient, nutritious food options that cater to busy

urban lifestyles (Story et al., 2008).

Significantly, 37.1% of meals consumed outside the home came from street vendors, and
28% from casual restaurants, reflecting a shift in eating habits and food availability. The
negligible percentage relying on food aid underscores that consumption choices are
influenced more by lifestyle and perceived status than mere availability. This points to the
potential impact of policies targeting food vendors and restaurants to offer healthier

choices.

These findings call for targeted interventions addressing both the supply and demand for
ultra-processed foods. Supporting the availability of healthier options at food vendors and
educational programs can reshape perceptions about the nutritional value of ultra-
processed versus home-cooked meals. Understanding cultural dynamics will guide
effective public health messaging and interventions aimed at promoting nutritional health

while respecting consumer autonomy and preferences.

So, this study serves as a call to action for public health officials, policymakers, and
community leaders to implement interventions that transform food environments,
reshape consumer attitudes, and promote healthier dietary choices, supported by ongoing
research into the socio-economic, cultural, and environmental factors that influence

dietary behaviour.
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6.5.2. Food Contributions of Farms and Forest Foods to Household Food Security Results
Discussion
The main source of food for the households in the study is their farms and forests from

where they get access to free or low-cost food. There is a difference in the use of forest
for food and the use of land for farming in Nigeria. Even with the conflicting land use
legislation as of 1978, which put land in Nigeria in the hand of the state Governor to hold
in trust for the people even as individuals and communities still used their lands base on
their custom, the customary land tenure system is clearly implemented in the Nigerian land
tenure system especially in the rural areas (Babalola & Hull, 2019). Unlike the forest with
little or no restriction as to its use for food harvesting, users and owners of agricultural land
must have statutory or customary right to occupy or use the land (Babalola & Hull, 2019).
Hence, forest have served as a food safety net for the poor in Nigeria. The forest can be
owned by an individual, community, or the government as in forest reserves, but the poor
are free to access the forest for food, thus helping to supplement their diets and improve
food security, except for the government reserved forests kept for conservation. For many
rural and impoverished communities, these forest foods are crucial in bridging the gap
when agricultural harvests are poor, or when market prices for food are too high. Beyond
immediate food needs, forests also offer medicinal plants and materials that can be used

or sold, providing both health benefits and a supplementary income.

The detailed examination of the contributions of farm produce and forest resources to food
security and livelihood in the study area sheds light on the intricate dynamics of subsistence
farming and the sustainability of forest resources. The analysis reveals how these elements
are essential not only for immediate nutritional needs but also for long-term economic

support.

Small-scale farmers are known to engage in farming activities that will help them provide
foods for their households. The result on the household food share coming directly from
their own farms shows that many of the farming households got a large proportion of their
food from their farms. So, it might be inappropriate to use the income or food expenditure
methods as a standalone to assess the food security or access to food of farming
households. Income based measures of food may underestimate the food security of
farming communities since it does not account for foods that are not bought and foods

from the wild which may not have market values. This may confirm the reason for
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developing subjective household measures of food security like Household Food Insecurity
Access Scale and DDS which tends to capture the actual consumption in a household
(Coates et al., 2007). Thus, there is need to account for the food the households get from

their farms and the wild, as it may have a significant influence on their food security.

Though it is believed that most of these small-scale farmers farm for the purpose of directly
providing food for their households, it can be seen from the results on farm income and
proportion of farm produce sold, that the farmers engage in farming to provide not only
food, but income also for their households. The large proportion of farm produce sold by
the farmers may be an indication that there are farmers among these smallholder farmers
who engage in farming for the main purpose of making money. This behaviour underscores
the dual role of farm produce as both a source of food and an essential income stream,

which can be crucial for covering other vital expenses such as healthcare and education.

The types of forest foods harvested- bush meat, wild vegetables and fruits, and mushrooms
- suggest that these resources contribute essential proteins and micronutrients to the local
diet, enhancing dietary diversity which is crucial for nutritional security. The results on
forest food show that forest food contributes both food and income to the households. It
provides them with meat, vegetables, and fruits, even mushrooms for food. According to
the discussions in the policy thrust effectiveness evaluation done by the focus groups (See
Chapter 4), many households depend heavily on forests for their livelihood. They get
firewood for cooking, honey for household use and income, and foods like vegetables,
meat, fish, mushrooms, and fruit. The buying and selling of forest foods contributes heavily
to the income of the households in this area and calls for a very conscious management
system for the forest. The forest management for this area should focus on the
preservation of the forest biodiversity as well as the food sustenance of the people
depending on these forests for food and income for sustainable development. In line with
the results from the focus group discussion on availability of, and access to diversity of food
for the households in Chapter 4, this result shows that these farming households depend

heavily on their farms and food from forest for their nutrition and income.

In conclusion, the food and nutrition insecurity in this geopolitical zone may be

concentrating toward lack of protein and micronutrients of importance. This is because the
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household widely reported the consumption of carbohydrate rich food which consist of
cereals, and root and tubers. They have access to these foods for about 6 days in a week
and some even eat it every day. Given that most of the households in this area have
children who are still growing, the consumption of proteins, vitamins and minerals like iron
are very important. The low consumption of these vital nutrients, sheds light to the
existence of hidden hunger in Northeast Nigeria. Though these households in this farming
community get less than the national average living wage, food from their farms and forest
plays a very important role in their food and nutrition security. Their involvement in
farming gives them access to food that they may find difficult getting if they do not have
access to land. By identifying the high dependency on both farm produce and forest
resources, the study points to potential risks associated with economic or environmental
changes. The analysis of the economic aspects of farm and forest products provides
valuable insights into how households balance immediate nutritional needs with economic

survival.

So, it is recommended that food security intervention should target covering the gap in the
consumption of protein, iron, and vitamin A rich food. A greater proportion of the
households in this area depend heavily on their land and labour for food. So, the efforts of
the Government in achieving sustainable food security should focus on policies that
support poor farmers, especially mixed cropping farmers, to produce their food. Nutritional
education is needed to encourage the consumption of less processed food, which is
suffering because of enticing ultra-processed food advertisements pushing consumers
away from eating traditional foods. The imposition of government restrictions on forest
access may lead to the inability of the community depending on this forest to access food,
as highlighted by the focus group discussions (See Table 4. 2 result discussions). These
restrictions often serve the purposes of protecting environmental resources and regulating
their use to prevent over-exploitation. However, limited knowledge of the needs of people
living in this area, means that such restrictions can result in illegal activities and increased
food security problems given their dependence on the forest. Moreover, the politics
surrounding the sale of forest lands often leads to privatization, and so restricted access to

such forests for food and as a means of substance for the community.
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Chapter 7: A System Dynamic Modelling approach for a sustainable food system
This chapter provides answers to the second objective of this thesis — to explore the

linkages between the food system and food security components to understand their
interactions and identify the main drivers and the key outcomes of the system. It assesses
the linkages and feedback loops within food system; labour, farm practices,
agrobiodiversity, household socioeconomic characteristics, and consumption of diverse

food.

To achieve a sustainable food system, there is need to focus on ideas, intentions, and
institutions to redirect incentives that have perpetuated market externalities that
negatively impacted on the environment and human health. To explore the food system
feedback/causal loop, a model group as described in the methodology section (Chapter 3)
was used to explore the food system: mental model, interrelationship digraph, and finally
build a causal loop diagram. The group members contributed their diverse experiences and
views on the best practices, problems, exacerbation, and solution to the food system

model. The different views were applied and challenged in the model to reach a consensus.

The model investigated and identified the driver and outcome variables, and leverage
points for change within food systems. This encompassed identifying:
a) points of intersection with non-food systems that affect the food system within the
boundary of the study; climate change, labour, and population;
b) the dynamics interaction and relationships between various elements within the
food system; reinforcing and balancing loops and feedback; and
c) the incentives that shape the adaptive behaviours and reactions of those involved

in the food system including input subsides.

7.1 Steps in Developing the Food System Causal Loop Diagram of Northeast Nigeria
To build the food system model of Northeast Nigeria, an iterative process was followed.

Knowledge, emotion, experience of the food system experts and stakeholders, information
from the household survey data and focus group discussions, and existing knowledge from
literature were used for the modelling. The iterative process is important for the researcher
to challenge her mental model which may not represent reality. Stakeholders’ participation

in the modelling is very important for building confidence in the system, clearing
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misunderstanding, and through system thinking, improving the understanding of the

participants.

The model development participants aimed to - determine the appropriate boundaries for
the food system, identifying which elements are important for the study goal (the context),
and identifying which elements are beyond the study scope. To achieve this, the team
examined the system, ranging from the food on their plates back to the farm to identify
factors that directly impact the study objectives; those with direct influence on the
research problem, and those that are significant, but uncontrollable. They also identified
critical factors to the research problem over which they have no control and incorporated
these into the diagram. This process of filling out the context diagram aided the team in
contemplating the broader system and fosters a collective understanding of the system
boundary. The context diagram is a valuable reference throughout the model

development, assisting in the decision-making processes (Vallance et al., 2022).

The group members followed three steps in developing the CLD. These group activities

were coordinated by the researcher.

Step 1 Seeing the bigger Picture

The participants were briefed on the purpose of the research. First, group members were
asked to brainstorm individually on the common issues, components, and problems in the
food system, looking at what had changed over time. To guide the discussion around the
bigger picture of the food system, the participants were made to think about, discuss and
answer three questions, (i) how we understand the realities of the food system, (ii) how
are we managing the realities of our food system, and (iii) are there challenges of
intervening in the food system. A meeting was scheduled online for the group to discuss
these big pictures of the food system. In the meeting, everyone presented their thoughts
about the food system. Members talked about what has got better, what remained

unchanged and what has become worse overtime in the food system.

After presenting their thoughts, participants expressed their views on, the current state of
food security in the country, especially the Northeast geopolitical zone that has become a

humanitarian emergency case. The group noted that food production is fast moving from
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mixed cropping to mono-cropping production and becoming more agrochemical-based
farming. For this shift in food production practice, the members emphasized that there has
been a breakdown in the traditional knowledge of farming, preparation, and use of
underutilized local foods, echoing the sentiments of Hernandez Marentes et al. (2022),
Kennedy et al. (2022) and Vidal (2019). They also discussed the loss of taste of food
produce over the years. It was widely discussed that the meat, vegetable, and other
agricultural products have been losing their taste with the increase in scientifically
developed varieties dominating the field. Food markets were said to be flooded with locally
produced food but having to fight low price due to cheap imported foods. Food
consumption was believed to have changed drastically over the past 20 years. The
participants believed people consume more noodles and pastries (a foreign food) today
than their main local dishes like yam, cassava and beans. They all agreed that food habits
and taste of Nigerians have changed dramatically. The consumption of cheap and fast food,
the changing population health and changing food culture of the people are in line with
changing crop planted in the farm, leading to the call for sustainable and alternative

farming (FAO, 2022a).

1) How do we understand the realities of the food system? The highlights from the
discussion were that: (i) there is serious hunger in the country. One participant
even said, “hunger in the land is too big that even the blind can see it.” (ii) Farmers
are killed, their lands taken and the remaining few cannot go about their farming
business freely. (iii) Farmers are not getting enough support or inputs produce
cheap crops. (iv) More foreigners and government officials owning farms are taking
over land from local farmers. These large farms are into monocropping of rice, soya
bean, benniseed, corn or beans. (v) It is becoming very hard to get food from the
farms without using high yielding varieties from seed companies supported by
inorganic fertilizers, and agrochemicals to reduce cost of labour. (v) farmers are
unlike farm machines. They are human beings with relationships and physiological
needs. They are involved in other aspects of lives and make decisions as they deem

fit.

2) How are we managing the realities of our food system? The quick fixes employed

to manage the food system reality were identified as food aids, money transfer
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from the government, going to churches and ceremonies for food, selling of family
assets for food and farming, borrowing from formal and informal financial
institutions to eat or farm, and planting of high yielding varieties of crop. The
anticipation of the people is to achieve high yield, more input subsidies, and security

for farmers.

Structurally, the food system has always been handled through agricultural policies
which have done very little in achieving food security, let alone, sustainability in the
food system. The group noted that there are unwritten rules making farmers to
move towards cash crops and avoid mixed cropping even when it helps them to
feed their family. This was related to financial and political dynamics of farm inputs

and supports.

3) Challenges of intervening in the food system —the group highlighted lack of correct
information, ignorance of the impact of our actions, political influence, vested
interest of farm input business, the urgency that hunger brings into the system,

limited knowledge of the complexity in the food system especially by policy makers.

Step 2 Explicit Expression of Group Mental Pictures

They were asked to draw a rich picture depicting their mental model of the food system.
This mental model represents how they see the food system with respect to all the
elements that contribute to having food at home in the face of the sustainable
development goal of achieving biodiversity, labour and income for the poor farming
households and food security. The rich picture gathered was scrutinized by the members
(see interrelationship digraph (IRD) of the mental model of each participant in Appendix 4).
Conflicts and differences in the elements were discussed and consensus reached for the
CLD. From the rich picture, the main elements of the system were selected. To draw an
interrelationship digraph, the participants were asked to use a one directional arrow to link
variables that have a direct relationship. This enabled the group to have a clearer

understanding of the relationship and interactions in the system.
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Step 3 Drawing of Feedback/ Causal Loop Diagram

The CLD draws from the IRD and build up on it. This last step was carried out by the
researcher and presented to the group for validation. All through the process of the
modelling the participants were involved in checking the accuracy of the variables’ name,

identifying missing variables, and checking the correctness of the arrow polarity.

This detailed mapping and understanding of feedback loops contribute to food security by
identifying leverage points. Understanding where small changes could lead to significant
impacts, such as improving health and nutrition, improving the knowledge of cultivating
diverse crops, investing in sustainable agricultural practices, or enhancing education and
training is importance helps recognise the complex interdependencies. As a result,
strategies can then be designed to enhance system resilience against shocks like climate

change, economic downturns, or pandemics.

7.2 Food System Feedback and Causal Loops
A Northeast Nigerian food system diagram was developed through an interactive and

reiterative process. A causal loop diagram (CLD) is a visual representation used in systems
thinking to illustrate the feedback loops and causal relationships between variables within
a system. These diagrams help researchers to understand how different elements of a
system interact with each other and how changes in one element can influence others over
time. CLDs are useful for identifying both reinforcing and balancing loops that drive the

dynamics of complex systems.

Key Components of a Causal Loop Diagram
Variables: These are the elements or components of the system that influence each other.
In the context of a food system, variables might include the food security level, health and

nutrition, and household income.

Arrows (Links): Arrows indicate the direction of influence between variables. Each arrow

shows that a change in one variable leads to a change in another.

Polarity (+ or -): The arrows can have positive (+) or negative (-) polarity, indicating the type

of relationship.
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Positive (+) Relationship: An increase in one variable causes an increase in the related
variable, or a decrease causes a decrease. For example, increased household income (+)

may lead to increased investment in farm input.

Negative (-) Relationship: An increase in one variable causes a decrease in the related
variable, or a decrease causes an increase. For example, increased farm labour (-) may lead

to reduced available labour force.

Loops: When a series of causal relationships forms a closed path, it creates a loop. Loops
can be:

(i) Reinforcing Loop (R): Also known as a positive feedback loop, it amplifies change

in the system. For instance, increased food security level (+) could improve

health and nutrition (+), which further enhances food security level (+). Also, a

loop is reinforcing when the polarity of the arrows indicating the direct

relationships in the feedback loop are all positive (+) or have an even number of

negative arrows (-) like 2, 4, or 6 negative arrows. A reinforcing loop can be

positive or negative. A positive reinforcing loop leads to a virtuous cycle, and a

negative reinforcing loop leads to a vicious cycle. Reinforcing loops leads to

exponential growth or decay, and a balancing loop results in equilibrium,

resistance to growth or change, or maintaining stability. Balancing loops can be

goal oriented.

(ii) Balancing Loop (B): Also known as a negative feedback loop stabilizes the
system by counteracting change. For example, higher wages (+) might reduce
farm labour availability (-), balancing the system over time. However, a
feedback loop is a balancing loop if there are an odd number of negative arrows

in the loop.

Example of a Causal Loop Diagram in a Food System

Using the food security and health example to illustrate a causal loop diagram:

Food Security Level (+) = Health and Nutrition: Higher food security improves health and
nutrition.
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Health and Nutrition (-) = Death: Better health reduces death rates.

Death (-) = Population: Lower death rates increase population.

Population (+) = Available Labour Force: Higher population increases the labour force.
Available Labour Force (+) = Farm Labour: More labour force increases farm labour
availability.

Farm Labour (+) = Wage: Increased farm labour can decrease wages (negative relationship
can be added if appropriate).

Seed and seedlings from Seed Companies (+) = Agrochemicals and Tractors: More
seedlings lead to higher use of agrochemicals and tractors.

Agrochemicals and Tractors (+) => Monocropping System: Increased use promotes
monocropping systems.

Monocropping System (+) = Food for Other Use (ethanol, animal feeds): Monocropping

supports production for non-food uses.

Understanding the Food System Feedback Loops
Reinforcing Loop (R): Increased food security level improves health, which further reduces
deaths, increasing the population and labour force, which leads to higher household

income and investments, eventually improving food security even more.

Balancing Loop (B): If increased household size leads to overuse of farm labour, wages
might decrease, reducing household income and subsequent investments.
By using causal loop diagrams, stakeholders can better understand complex systems'

dynamics, predict outcomes, and identify leverage points for intervention.

From the causal loop diagram developed in this study (Figure 7.1), six system drivers were
identified- agrochemicals and tractors, food harvest, monocropping, mixed cropping,
health and nutrition, and land for agriculture. Four of these drivers can be described as
root cause variables in the system. They are drivers, because they have more outgoing
arrow than incoming arrows, and root cause variables because they have more outgoing
arrows than other elements of the system. The four root cause variables of the system are
food harvest with 6 outgoing arrows, monocropping with 6 outgoing arrows, mixed

cropping with 6 outgoing arrows, and agrochemicals and tractors with 4 outgoing arrows.
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These four variables have a great driving force, and determine to a large extent, what
happens to the outcome variables of the system. The root cause variables can be
considered to shape the current food system of Nigeria and other countries with similar

agricultural systems.

Outcome variables are identified by the number of incoming arrows they have. The
outcome variables have more incoming arrows than outgoing arrows. The key outcome
variables of the system are the outcome variables with the most incoming arrows in the
system. About five key outcome variables were identified in the food system causal loop
diagram (see Figure 7.1). The key outcome variables were biodiversity with 8 incoming
arrows and 3 outgoing arrows also making it a driver; food and nutrition security with 5
incoming arrows and 1 outgoing arrow; household income with 5 incoming arrows and 3
outgoing arrows which also makes it a driver; farm labour with 4 incoming arrows and 1
outgoing arrow, and soil quality with 4 incoming arrows and 2 outgoing arrows. So,
biodiversity and income were also drivers but cannot be identified as a root cause because
they did not have as much outgoing arrows as the identified root cause variables of the

system.
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From the food system causal loops for achieving food security, there were more balancing
loops than reinforcing loops. These balancing loops were either resisting growth, bringing
back the system to achieve its goal, or maintaining the stability of the food system. The
diagram shows that though seedlings from a breeding company increases investment in
the input sector which may improve the economy through income and employment for
skilled workers, and the use of agrochemicals that underpins monocropping system of
farming. It has a growth resistance effect on food security through its negative impact on
seed preservation for next planting. Loops number 3, 8, 22, 23, 28, 30, 35 and 41, show
the resistance effect of seed from breeding company on the efforts of other variables in
the system to achieve food security (See Appendix 3 for the list of loop numbers). Hence,
the effect of farmers sourcing their seeds for planting from the breeder can limit the

variables in the system using seed saving to achieve the goal of food security.

It can be seen from the feedback loop diagram that agrochemicals and tractors used in the
farms to achieve food security introduces a force of resistance in the system. Although
agrochemicals and tractors contributed positively to monocropping, it resisted the growth
of food security through its effects on soil quality (loops number 5, 16, 17, 18, and 42),
biodiversity (loops number 6, 18, and 40), and mixed cropping (loops number 17, 25, and
27).

Four loops in the casual loop diagram show that food for other uses- animal feeds and
ethanol production, introduced a force of resistance to food security. It ended up reducing
the long efforts of other food security contributing variables as shown in loops 7, 12, 19
and 29. The dominant loops around income show how income through food expenditure

supports food security.

Other variables with growth resisting force in the system were (i) food lost which affected
food security through its negative effect on farm food harvest consumed (Loops 20 and
37), (ii) monocropping through reduced biodiversity (loop 26), and (iii) land for agriculture
through reduced mixed crop farming (loop 32). Another important variable with dominant
force of resistance to food security was deforestation. Deforestation through reduced
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biodiversity (loop 43) and soil quality (loops 48) have resisting effect to the food security

growth efforts of other variables in the system.

There were two goal seeking balancing loops in the food system under study. Loops 44 and
47 show the importance of food processing in the system. In these loops, though seedlings
from breeders and agrochemical and tractors were resisting the growth of food security,

food processing worked to reduce the effect of food lost and its impact on food consumed.

Dominant Loops in the Food System

Two important feedback loops were identified as particularly dominant within the food
system. These loops affected multiple variables across the system. The first highlights how
the use of agrochemicals and tractors can unintentionally undermine food security. The
second uncovers the implications of food system reliance on outsourced seeds from
commercial seed companies for planting, which can also negatively impact the system's

resilience and sustainability.

1. The Impacts of Outsourcing Seeds for Planting on Food Security- The causal loops
diagram presented in Figure 2 shows that outsourcing seeds for planting from seed
companies can have complex impacts on food security. This can be viewed through

the lens of various factors:
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Economic Implications: Increased financial investment in agricultural inputs can lead to
greater economic activities in the input sector, enhancing job opportunities and incomes.
See the reinforcing loop between investment and seedlings from seed company (Figure 2).
However, dependence on purchased seeds may increase operational costs for farmers and

impact the cost of food production.

Agricultural Biodiversity: Outsourced seeds often represent a limited variety of crops,
which could reduce biodiversity and resilience of food systems. Local seed-saving practices
are stifled by the uniformity of commercial seeds, potentially leading to loss of indigenous

varieties and knowledge.

Soil Health and Agrochemicals: The focus on high-yield varieties might encourage intensive

use of agrochemicals, affecting long-term soil fertility and the environment.

Seed Sovereignty and Security: Farmers who rely on seed companies may face issues of
seed sovereignty, losing control over their seed supply and becoming dependent on the

fluctuations of the market.

Social and Cultural Impact: Local seeds have cultural significance and tell their stories. So,
the loss of local seeds may have economic implication of losing traditional farming practice
and knowledge as well as eroding the people’s culture. There might be a loss of knowledge
associated with local seed varieties and farming practices, which are crucial for the cultural
identity of communities. Outsourcing seeds might yield short-term gains in production but

can compromise long-term sustainability if not managed properly.

2. Agrochemicals and Tractors Could Deter Food Security
Although agrochemicals and tractors contributed positively to monocropping, it brought a
force of resistance to the growth of food security through its feedback relationships in the

system.

The feedback loop presented in Figure 3 illustrates that the use of agrochemicals and
tractors in farming, intended to enhance food security, inadvertently creates resistance
within the system. This resistance manifests through its direct impact on soil quality, mixed
cropping, and biodiversity, its indirect relationship to monocropping, and the reliance on

seedlings from seed companies. The feedback loops suggest that while these agricultural
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practices contribute to monocropping and short-term economic gains, they pose long-term
threats to food security. This is evident in the various pathways from food security to health
and nutrition, involving labour, wages, household income, and farm inputs. These
pathways show the interconnectedness of agrochemicals and tractors with various aspects

of the food system.
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As one of the main drivers of the food system, the use of agrochemicals and tractors were
further explored. The tree diagram makes it easy to trace the direct and indirect
contributions of the variables of the system. Figure 7.3, alongside Error! Reference source n
ot found. and Error! Reference source not found.Error! Reference source not found. (see
A5), illustrated that agrochemical and tractor use, supported by subsidies, aligns with the
growth of monocropping. While this system can enhance short-term productivity, it
undermines long-term sustainability by degrading soil quality, reducing biodiversity, and
weakening mixed cropping systems. Furthermore, reliance on industrial seed systems
increases farmers’ vulnerability to policy shifts, subsidy reductions, and fluctuating input

prices- risking the financial and food security of smallholder farmers.

Agrochemical and the use of tractors were identified as a root cause variable of the food

system given the number of outgoing arrows it has. The agrochemicals considered in this
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variable include herbicides, insecticides, inorganic fertilizers, fungicides, and disinfectants.
From the tree diagram (Figure 7.8 in Appendix 5), agrochemicals and tractors were very
dependent on two variables, seedlings from seed companies and input subsidies. In the use
tree diagram presented in Figure 7.9 (see appendix 5), the variable, agrochemicals and
tractors, feeds into 4 important elements of the food system. It had a direct relationship
with biodiversity, mixed cropping, monocropping and soil quality. For the four variables
using agrochemicals and tractors, only monocropping had a positive reinforcing
relationship with agrochemicals and tractors. Biodiversity had a direct and dominant
negative relationship with monocropping reflected in the bold negative red arrow from
agrochemicals and tractors to biodiversity. Agrochemicals and tractors also had an indirect
bold negative red arrow link to biodiversity through deforestation. Agrochemicals and
tractors also had a negative relationship with the mixed cropping system of farming, and

soil quality.

The use tree diagram in Figure 7.9 (see appendix 5) provides insightful details on how
agrochemicals and tractors influence various aspects of the agricultural system in
Northeast Nigeria. The relationships between these inputs and critical elements like
biodiversity, cropping systems, and soil quality highlight the complex interactions that
define the sustainability and productivity of agricultural practices. Agrochemicals and
tractors facilitate monocropping by providing the necessary tools and inputs to manage
large, single-crop fields efficiently. This relationship is reinforced positively as the use of
these technologies supports the extensive cultivation of single crops over large areas,
maximizing short-term yields and operational efficiency (Tilman et al., 2002; Horlings, &
Marsden, 2011). The direct negative impact of agrochemicals and tractors on biodiversity
is well documented. Intensive use of agrochemicals often leads to reduced biodiversity, as
these chemicals can harm non-target species and disrupt local ecosystems. These tools
typically favour large-scale, uniform agricultural practices that reduce habitat diversity and
negatively affect soil organisms, plants, and wildlife (Tscharntke et al., 2005).
Agrochemicals and tractors typically support more intensive, specialized forms of
agriculture, which can be at odds with mixed cropping systems that require different
management practices. Mixed cropping relies on the natural synergies between different
plant species, which can be disrupted by the uniform application of chemical inputs and

mechanical tillage (Altieri, 1999; Lin, 2011).
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The role played by Nigerian agricultural extension services and agribusiness companies
promoting commercialization of agriculture in Northeast Nigeria is important, but under-
represented in food system literature in the local context of chemical inputs and weed
killers. Current and successive Nigerian agricultural policies have unequal extension
services and incentives toward promoting large-scale, commercial agriculture D’Silva and
Raza (1980), and Ecker et al. (2018). This is obvious in the lopsided allocation of extension
visits to large farms that receive from 60% of such visits. This unequal allocation of services
to large farms, typically encourages the adoption of monocropping and the intensive
tractor and agrochemical use. Moreover, the emphasis on input-intensive farming models
underscores a wider issue within Nigerian agricultural policy and extension services: the
inadequate or lack of support for more sustainable, diverse farming practices that could
alleviate the ecological and social needs of the region. These two variables positively
reinforced monocropping system of farming in Nigeria. Looking at the diagrams, one of the
two variables reinforcing monocropping were also reinforced by investment in farm inputs
that is solely supported by income, input subsidy, and seedling from seed companies. So,
input subsidies and seedlings from seed companies directly and indirectly reinforce
agrochemicals use in the food system. The causal tree diagram highlights the central role
of agrochemicals and tractors in the agricultural systems of Northeast Nigeria, identifying

these as one of the root cause variables within the food system.

The interdependencies and feedback loops that connect agrochemical and tractor use with
other key agricultural variables offer important insights into the dynamics that drive
agricultural practices in the region. The heavy reliance on seeds from seed companies and
input subsidies underscore a modern agricultural approach that heavily depends on
external inputs. The use of commercial seeds, which are often genetically modified or
selectively bred for high vyields, typically requires specific agrochemical treatments to
maximize production. This dependence can create a cycle where the availability of
subsidies and commercial seeds directly influences the extent and nature of agrochemical
use. Input subsidies make it economically viable for farmers to purchase expensive
agrochemicals and use machinery, which is typically necessary for large-scale

monocropping. Similarly, the reliance on seeds from seed companies often means these
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crops are designed to perform well under chemically intensive and mechanized cultivation,
thus reinforcing the monocropping system. This cycle is financially underpinned by input
subsidies, creating a feedback loop that reinforces itself. The cycle is further reinforced by
economic structures that support investment in farm inputs, underpinned by income from
agricultural operations, input subsidies, and the availability of commercial seeds. This cycle
highlights a systemic push towards intensive, input-driven agriculture. However,
dependence on input subsidies and commercial seed systems can make farmers vulnerable
to changes in policy, subsidy cuts, and fluctuations in input prices, potentially jeopardizing
their financial situation (Horlings & Marsden, 2011). Extensive use of agrochemicals can
lead to soil degradation, reduced biodiversity, pollution, and the buildup of chemical
residues in the ecosystem, which can have long-term detrimental effects on environmental

health and food safety (Tilman et al., 2002).

7.3 Cause and Use Tree Diagram of the Food System

In the causal loop diagram (See 7.1), six system drivers were identified - agrochemicals and
tractors use, already discussed, as one of the dominant feedback loop of the system, food
harvest, monocropping, mixed cropping, health and nutrition, and land used for
agriculture. Among these, four are considered root cause variables due to their significant
number of outgoing arrows, which are indicative of their influence within the system. These
root cause variables - food harvest, monocropping, mixed cropping, and agrochemicals and
tractors, each respectively featured six, six, six, and four outgoing arrows. These elements

are instrumental in determining the outcomes of the food system.

The factors contributing to these growth and resistance were explored further by looking
at the use and cause tree diagrams of the key outcomes and root causes in the system
generated from the CLD (Figure 7.1). The root cause or main driver variables identified in
the causal/feedback loops diagram of the food system were food harvested, mixed
cropping, monocropping, and agrochemicals and tractors. The results will present the
cause tree and use tree diagrams of these root cause variables in the system to explore
their relationship with other variables in the system. Note, variables in brackets in the

diagram are variables that have a feedback loop with the key variable under consideration.
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Food harvested from the farm which represents both the quantity of food, and the diversity
of food farmers get from their farms is one of the root cause variables of the food system.
The cause tree diagram presented in Figure 7.4, shows 9 relationship depths of variable
that feeds into food harvested from the farm. Area of crop planted/number of animals
kept, labour productivity and soil quality were the variables with direct contribution to food

harvested from the farms.

Area of Crop Planted/Number of Animals Kept is a direct indicator of potential agricultural
output. The extent of land use and animal husbandry directly impacts the volume and
diversity of food produced (Pretty et al., 2011). Highly productive labour can significantly
enhance agricultural output. Education, training, and experience are crucial in improving
labour productivity, as they equip farmers with better techniques and strategies for
managing crops and livestock (Feder et al., 2004). Enhancements in labour productivity
directly affect food harvest quantities. Training, health, and better working conditions can
significantly improve labour efficiency, leading to increased productivity (FAO, 2017). The
health of the soil is fundamental for agricultural productivity. Soil quality affects plant
growth and yield directly, influencing how well plants can uptake nutrients and how they
resist pests and diseases (Lal, 2006). These three variables have a positive reinforcing

relationship with food harvest.

At the second depth of the dynamic relationship are the variables that contributed to the
first depth variables. Mixed cropping, monocropping, and seed preserved by the farmers
for next season planting had reinforcing relationship with crop planted and animal kept.
Mixed cropping and monocropping farming practices influence the area of crop planted.
Mixed cropping can enhance soil fertility and reduce pest outbreaks, thereby supporting
more sustainable agricultural output (Lin, 2011). Monocropping, while sometimes efficient,
can lead to soil degradation and increased vulnerability to pests if not managed carefully
(Altieri, 1999). The practice of seed saving is essential for maintaining biodiversity and
ensuring that farmers have access to seeds that are well-adapted to local conditions, hence

contributing positively to crop yields (Kloppenburg, 2010).
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Education, experience, and skill training had a positive relationship with Ilabour
productivity. For soil health, there were four contributory variables: agrochemicals and
tractors, biodiversity, deforestation, and organic fertilizer. Two of these four contributing
variables, agrochemicals and tractors, and deforestation had negative relationships with
soil health. At a distance depth of the relationship, agrochemicals and land for agriculture
had a direct negative relationship with mixed cropping. Seedlings from breeding companies
had a direct negative relationship with seed preservation. While agrochemical and tractor
use can improve soil productivity in the short term, they can still lead to negative impacts
such as soil compaction and reduction in soil biodiversity, ultimately degrading soil health
(Montgomery, 2007). The use of agrochemicals can negatively impact the sustainability of
mixed cropping systems by degrading soil quality and reducing crop diversity (Wezel et al.,
2014). Deforestation has a clear negative impact on soil quality, as it leads to erosion and
loss of nutrients, which are critical for sustainable farming practices (FAO, 2015). Using
organic fertilizers is a positive practice that enhances soil fertility and structure, promoting
better crop yields (Mader et al., 2002). Increasing access to agricultural education and
training can enhance labour productivity and encourage the adoption of sustainable

farming practices (Feder et al., 2004).

Assessing the variables that use harvested food as an input (see Figure 7.5). Food harvested
from the farm has a positive relationship with farm produce sold, food for other uses such
as grain production for animal feed and sugarcane for ethanol production, food harvest
consumed, food lost, processed foods, and seeds preserved. This means that an increase
(decrease) in food harvested from the farm will lead to an increase (decrease) in these 6

direct use variables.

Tracing the connections from food harvest provides clear illustrations of how harvested
food functions as a crucial input within the agricultural and economic systems of Northeast
Nigeria. This is key to understanding the flow of food from fields to various endpoints, each
of which plays a significant role in shaping food security and economic stability in the

region.
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Selling farm produce directly influences household and community economic stability. A
larger food harvest leads to more produce available for sale, which can enhance farmers'
income. This increased income is vital for improving living standards and enabling
investment back into the farm, which in turn can lead to a virtuous cycle of productivity

and profitability (World Bank, 2007).

Greater availability of food for sale can also affect market prices and supply dynamics,
potentially making food more affordable locally if supply outstrips demand (Pinstrup-
Andersen, 2014). It is important to note that while utilizing harvested food for purposes
like animal feed and ethanol can diversify income sources. It may also divert essential food
resources away from direct human consumption (Charles et al., 2010). This diversion needs
to be managed carefully to avoid undermining food security. Hence, the use of crops for
ethanol production raises questions about the sustainability of biofuels and their impact

on food prices and land use (Searchinger et al., 2008).

The most straightforward impact of increased food harvest is more food available for
consumption. This can directly improve food security by increasing the quantity and
potentially the diversity of food available to local populations (FAO, 2019). Increases in food
harvested can lead to increased food loss if not managed properly especially in areas like
Northeast Nigeria with poor storage and transportation systems. Strategies to reduce post-
harvest losses are crucial for ensuring that the maximum possible amount of harvested

food reaches consumers (Gustavsson et al., 2011a).

Processing food can add value and increase the profitability of agricultural produce. It can
also help in preserving food, extending its shelf life, and making food available year-round
(Aiking, 2011). Processed foods can vary in nutritional quality. Enhancing processing
techniques to retain nutritional value while reducing additives is essential for health

outcomes (Monteiro et al., 2018).
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Preserving seeds from one harvest to the next is critical for maintaining agricultural
biodiversity and resilience. Seed preservation allows farmers to be less dependent on seed
companies and can ensure that planting materials are well-adapted to local conditions

(Kloppenburg, 2010).

The use tree analysis highlights the multifaceted impacts of how food harvested from farms
is utilized in Northeast Nigeria. Each pathway from harvest to end-use has implications for
economic stability, sustainability, and food security. Strategies to optimize these pathways
should focus on enhancing efficiency, reducing waste, and ensuring that food production
contributes positively to both economic and nutritional outcomes. Balancing the use of
harvested food between direct consumption, sale, and other uses is crucial for sustainable
development in the region. This balance requires integrated policies that address market
access, storage and processing infrastructure, and the promotion of sustainable

agricultural practices.
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Figure7. 6 Mixed cropping causes tree (Blue link= positive arrow. Red Links = negative arrow)
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The mixed cropping practice cause tree diagram in Figure 7.6 shows that Mixed cropping
has three variables with direct cause relationship. Out of these three, agrochemicals and
tractors, biodiversity, and land for agriculture, only one variable, biodiversity, had a positive
relationship with mixed cropping. So, increase (decrease) in biodiversity leads to an
increase (decrease) in mixed cropping. Agrochemicals and tractors, and land for agriculture
had negative relationships with mixed cropping. Even with two out of three variables
limiting mixed cropping, the only positive contributing variable, biodiversity, had many
variables in the system resisting its growth. Hence, the variables limiting the growth of
biodiversity indirectly limits the growth of mixed cropping. So, there is an overwhelming

limitation in the system for mixed cropping practice.

The analysis of the mixed cropping practice cause tree diagram (Figure 7.6) highlights the
intricate dynamics influencing the viability and success of mixed cropping systems in
Northeast Nigeria. These interactions underscore the complexity of agricultural practices

and their dependence on environmental and socio-economic factors.

Biodiversity enhances mixed cropping by supporting ecosystem services such as pest
control, pollination, and nutrient cycling- essential for sustaining multiple crops within a
single system (Tscharntke et al., 2005, 2012). Strengthening biodiversity fosters ecological
balance and agricultural diversity, promoting resilience and sustainability in food

production (Lin, 2011).

Despite its benefits, biodiversity is constrained by factors such as land use changes,
deforestation, and the dominance of monoculture which reduce habitat diversity essential

for a robust ecosystem (Altieri, 1999).

Agrochemical use and mechanization, common in intensive monoculture, negatively affect
mixed cropping by disrupting soil structure, depleting organic matter, and diminishing
biodiversity (Horlings & Marsden, 2011). While these practices may initially boost
agricultural output, long-term effects include soil degradation, reduced microbial diversity,
and impaired natural pest control, making mixed cropping less viable (Horlings & Marsden,
2011). Mechanization, particularly tractor use, often favours large-scale monoculture due

to its reliance on uniformity and simplified management (Wezel et al., 2014).
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Large-scale land use, driven by management efficiency and short-term economic gains, can
discourage mixed cropping despite its long-term sustainability (Altieri, 1999). Additionally,
land allocation policies that prioritize monoculture restrict the availability of land for mixed
cropping, which, though labour-intensive, yields greater environmental benefits (Wezel et

al., 2014).

The cause tree diagram indicates that mixed cropping in Northeast Nigeria faces systemic
barriers largely due to agricultural policies and practices that do not support biodiversity.
The negative impacts of agrochemicals and the allocation of land for agriculture suggest a
policy environment and agricultural practice that may prioritize short-term vyields over
long-term sustainability and ecological health. The cause tree analysis reveals that while
biodiversity promotes mixed cropping, the negative impacts of agrochemicals, tractors,
and land management practices for agriculture pose significant barriers. Furthermore, the
factors that limit the growth of biodiversity also indirectly constrain the expansion of mixed
cropping. This constraint includes resistance to biodiversity growth and overwhelming

system limitations.

Factors such as deforestation, urbanization, and intensive agricultural practices reduce
natural habitats, decrease species diversity, and thus limit the ecological benefits that
support mixed cropping (Tscharntke, Clough, et al., 2012; Tscharntke, Tylianakis, et al.,
2012). The predominance of factors that inhibit biodiversity, coupled with agricultural
practices that favour monoculture, creates a challenging environment for implementing

mixed cropping despite its benefits for sustainability and resilience.

Despite the overwhelming limitations for mixed cropping indicated by the cause tree
diagram, the positive impact of biodiversity presents a valuable leverage point. Enhancing
biodiversity not only supports mixed cropping but also contributes to a more resilient and
sustainable agricultural system. Addressing the negative impacts of agrochemicals and
inappropriate land use is crucial for enabling mixed cropping practices that can lead to

improved food security and sustainable agricultural development in Northeast Nigeria

To encourage mixed cropping, policies should focus on promoting agricultural biodiversity.
This could involve supporting seed banks, local seed systems, and farming practices that

encourage crop and varietal diversity (Kloppenburg, 2010). Adjusting the regulation and
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use of agrochemicals to support more sustainable practices could help mitigate their
negative impact on mixed cropping systems. Encouraging the use of organic fertilizers and
integrated pest management could be beneficial (Pretty, 2008). There is need to also
reform land use policies to support small-scale farming, and mixed cropping can help
maintain the viability of diverse agricultural practices that are crucial for long-term
sustainability. Developing land use policies that support mixed cropping can help ensure
that adequate land is available for these practices. This might include zoning regulations
that promote diverse cropping systems or providing incentives for farmers who adopt

sustainable practices.
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Figure 7. 7 Mixed cropping uses tree (Blue link= positive arrow. Red Links = negative arrow)
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Figure 7.7 shows that mixed cropping feeds into five variables in the system. Mixed
cropping had positive direct relationships with biodiversity, crop planted/animal kept,
deforestation, farm labour, and organic fertilizer. The tree diagram also shows that mixed
farming had two different relationships with biodiversity. One is direct positive reinforcing
feedback between mixed cropping and biodiversity, and the second is an indirect negative
balancing loop through deforestation. So, mixed cropping is an important driving force in

the achievement of biodiversity.

Figure 7.7 underscores the complex and dualistic role of mixed cropping in the food system
of Northeast Nigeria, particularly regarding its impact on biodiversity and sustainable
agricultural practices. Figure 7.7 illustrates the multifaceted interactions mixed cropping
has within the agricultural system: contributing both positively and negatively to different
variables, which are essential for understanding the overall dynamics of food security and
ecological sustainability. Mixed cropping, a practice where multiple crop species are
planted together in the same area, has significant implications for biodiversity, farm

productivity, and environmental sustainability.

Mixed cropping inherently promotes biodiversity by cultivating a variety of plants in the
same space. This diversity helps to mimic natural ecosystems, which can lead to more
resilient agricultural systems. The direct positive relationship between mixed cropping and

biodiversity enhances the ecological resilience and sustainability of agricultural practices.

Mixed cropping can increase the efficiency of land use, as different plants can complement
each other's growth needs. For instance, leguminous plants can fix atmospheric nitrogen,
making it available in the soil for other plants that require high nitrogen levels to grow well.
This synergy can lead to higher overall productivity, and support more diverse livestock by

providing a variety of forage options (Pretty, 2008, Lin, 2011).

The practice of mixed cropping often goes hand in hand with the use of organic fertilizers.

Organic matter from diverse plants contributes to soil fertility when it decomposes. This
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enhances soil structure and fertility, leading to better water retention and nutrient

availability, which benefits all crops in the mix (Pimentel et al., 2004).

Despite its benefits, mixed cropping can have unintended negative consequences,
particularly through the mechanism of deforestation. To implement mixed cropping on a
larger scale, farmers might clear more land, including forested areas. This deforestation
negatively impacts biodiversity, contradicting the biodiversity gains made within the
cropped area. The loss of forest cover not only reduces habitat for wildlife but also affects
the functionality of entire ecosystems, such as water cycling and carbon storage (Foley et

al., 2005).

There is a need for agricultural policies that encourage sustainable land management
practices that integrate mixed cropping without expanding the area of agricultural land at
the expense of forests. Incentives for agroforestry, where trees and crops are combined,
could be one such strategy. Farmers should be educated on the benefits of mixed cropping
not only for their crop yields but also for maintaining local biodiversity. Training on

sustainable farming techniques that minimize land clearing can also be beneficial.
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Figure7. 8. Monocropping causes tree (Blue link=positive arrow. Red links= negative arrow)
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Monocropping practice currently dominating developed countries’ farming is seen to be
sustained by two contributing variables- agrochemicals and tractors, and land for
agriculture. Unlike mixed farming with two negative relationships and one positive
relationship, monocropping had its two positive contributing relationships. Monocropping
started showing resistance at the 6" depth of its relationship, where it reduced farm labour
in a feedback loop, affecting wages. Figure 7.10 (See Appendix 5) shows that at the second
depth of the relationships, input subsidies and seedling from seed breeder are the leading
factors to agrochemical and tractor usage. So, the more (less) the input subsidies and
seedling from seedling companies, the more (less) the use of agrochemicals by farmers.
The amount of land held by households has direct relationship with the amount of land
they allocate to farming, and the system of farming practiced. The third depth of
relationship in Figure 7.10 shows that the two second depth relations are supported by
investment in farm inputs and non-farm inputs, and the socioeconomic factor- gender in
the case of land holding. These investments came from household income. The result from
the causal loop diagram reflects the dynamics of monocropping practices, and how various
factors support or resist this agricultural system. Monocropping, characterized by the
cultivation of a single crop species over a large area and over successive seasons, relies

heavily on specific agricultural inputs and practices.

Monocropping relies heavily on the input of agrochemicals and the use of tractors, which
enhance the efficiency of farming large single-crop fields. These tools allow for extensive
cultivation of a single crop over a large area by reducing labour costs and increasing land
productivity. The relationship is sustained by subsidies and the availability of commercial
seedlings, which make these inputs more accessible and economically viable for farmers
(Tilman et al., 2002). Input subsidies and the availability of seedlings from breeding
companies significantly influence the use of agrochemicals and tractors. These inputs are
critical for maintaining the high productivity demanded by monocropping systems.
Subsidies make these inputs more affordable, encouraging their widespread use, which is

essential for managing large areas of a single crop effectively (Horlings & Marsden, 2011).

The amount of land a household holds directly influences their ability to engage in
monocropping. Larger land holdings are more conducive to monocropping due to

193



economies of scale, where the cost per unit of production can be reduced, making it a more
viable option (FAQ, 2017). Gender and other socioeconomic factors influence land holding
patterns, which in turn affect the farming system practiced. Men typically have access to

more land and resources, which supports more extensive monocropping practices.

At the 6th depth of relationships, monocropping begins to show resistance through its
impact on farm labour. By reducing the need for labour, monocropping can suppress wage
growth, which in turn affects the local economy and can feed back negatively into the
monocropping system itself by reducing the available income for reinvestment in
agricultural inputs. This reduction in labour demand can subsequently affect wage levels
and employment opportunities in farming communities, potentially feeding back into
reduced community support for monocropping if alternative employment is not available.
Investment in farm inputs is influenced by household income, which is itself a product of
the economic success of farming practices. Non-farm income and investments also play a
role, diversifying the economic base of rural households and affecting their farming

decisions.

While monocropping can enhance short-term productivity and economic returns, its long-
term sustainability is questionable due to its reliance on chemical inputs, susceptibility to
pest outbreaks, and the negative impacts on soil health and biodiversity (Altieri, 1999).
Sustainable practices such as crop rotation, integrated pest management, and organic
farming could mitigate some of the negative impacts of monocropping. Economically,
reliance on a single crop can also pose risks if market prices fluctuate or if the crop fails due

to disease or adverse weather conditions (Altieri & Nicholls, 2004).

Understanding the complex interactions between agricultural practices, economic policies,
and socioeconomic factors is crucial for developing sustainable farming strategies that
balance productivity with environmental and social health. The dynamics described in the
causal loop diagram offer insights into how changes in policy or practice might ripple
through the agricultural system, affecting everything from soil health to household income
and labour dynamics. These insights are essential for policymakers aiming to enhance the

sustainability and resilience of agricultural systems.
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Figure 7. 9 Monocropping Use tree (Blue link=positive arrow. Red links= negative arrow)
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Like mixed cropping, monocropping also drives five important variables in the food system.
Figure 7.11 shows that monocropping has direct relationships with biodiversity, crop
planted, deforestation, farm labour, and food for other purposes. There are 3 positive and
2 negative direct relationships in the monocropping use tree. Monocropping had a positive
direct relationship with crop planted deforestation and food for other uses. Biodiversity
and farm labour had a negative relationship with monocropping. Hence, monocropping
has two negative relationships with biodiversity. One is a direct negative relationship that
shows that increase (decrease) in monocropping practice leads to decrease (increase) in
biodiversity. The second negative relationship is an indirect relationship through
deforestation to biodiversity and soil health. There is a negative relationship between
mono cropping and farm labour. So, the adoption of monocropping leads to reduction in

the need for farm labourers.

The results regarding monocropping and its impact on various variables within the food
system of Northeast Nigeria provide insightful observations on the dynamic interactions
between agricultural practices and their wider environmental and economic effects.
Monocropping, the agricultural practice of cultivating a single crop species over a wide area
and over successive seasons, plays a significant role in shaping the food system's structure

and sustainability.

Monocropping has a direct positive relationship with the area of crop planted. Typically,
monocropping involves extensive cultivation of a single crop, which simplifies planting and
harvesting processes, potentially resulting in an increased area under cultivation. Without
considering the consequence of this system of farming, it can enhance short-term

agricultural productivity and food availability (Tilman et al., 2002).

The expansion of monocropping can lead to deforestation as more land is cleared to

accommodate large-scale single crop farming. This relationship is particularly evident in

places like Nigeria where large tracts of land are converted into agricultural land to meet
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the demands of these growing high-yield crops (Mongabay, 2020; Ogunwale, 2015; World

Resources Institute, 2021).

Monocropping is often associated with the production of crops for industrial uses, such as
biofuels and animal feed. Crops like sugarcane, corn, and soy, often grown in monocultures,
are used extensively in these sectors, linking monocropping positively with the production
of non-food items. This can be economically beneficial but may divert essential resources

away from food production (Searchinger et al., 2008).

Monocropping negatively impacts biodiversity both directly and indirectly. Directly, it
reduces the variety of species planted in a given area, which can diminish agro-biodiversity
and lead to a reduction in ecosystem services such as pest control and pollination.
Indirectly, by promoting deforestation, monocropping can lead to the loss of diet diversity
and natural habitats, further reducing biodiversity at the landscape level (Tscharntke et al.,

2012).

Monocropping can reduce the need for farm labour due to the mechanization and
simplification of agricultural practices associated with growing only one type of crop. While
this might reduce labour costs and increase land productivity, it can also lead to job losses
and less diverse agricultural knowledge and skills among the local workforce (Daum et al.,

2023).

Deforestation resulting from monocropping indirectly impacts biodiversity and soil health.
Clearing forests for monoculture may compromises soil health by increasing erosion,
reducing organic matter, and disrupting nutrient cycles. The reduction in biodiversity due
to habitat loss further impacts ecological functions essential for sustainable agriculture

(Laurance et al., 2014).

The dynamics shown in Figure 7.11 suggest that while monocropping might offer short-
term economic benefits through specialized production, its long-term implications can
undermine sustainability and food security. The reduction in biodiversity and the negative
impact on soil health can decrease agricultural resilience, making food systems more

vulnerable to pests, diseases, and climate variability. Moreover, the reduction in farm
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labour demand due to monocropping can have socio-economic repercussions, potentially

leading to rural depopulation and loss of agricultural knowledge.

Key Outcome Variables of the Food System

In the system feedback loop analysis, the consequence or output elements of a complex
system are identified by their number of incoming arrows. Biodiversity, food and nutrition
security, household income, farm labour, and soil quality emerged as key outcome
variables. Biodiversity and household income also act as system drivers but are not
classified as root causes due to their lesser number of outgoing arrows compared to the

identified root cause variables.

These key outcome variables are fundamental to understanding the overall dynamics of
the system because they are the endpoints that are most affected by the changes within
the system. Biodiversity with six incoming arrows and three outgoing ones stands out,
showing its two-fold role as both an outcome and a driver in the system, although not a
root cause. Food and nutrition security, with five incoming and one outgoing arrow, shows
the main goal of the food system, reflecting the impact of various drivers on the well-being

of the population.

Similarly, household income, with its five incoming arrows and three outgoing, not only is
impacted by the system but also influences it, revealing the interplay between economic
factors and agricultural practices. Farm labour and soil quality, each with more incoming
than outgoing arrows, are critical to the functionality and sustainability of the system,

indicating how labour availability and soil health are influenced by other variables.
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Figure 7. 10 Food security cause tree (Blue link= positive arrow. Red Links = negative arrow)
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Figure 7.12 presents a cause tree diagram of one end goal of the food system - Food
security. Food security can be seen to be a result of food expenditure, food harvest
consumed, food import, forest food consumed, and processed foods consumed. These five
causal variables positively reinforced food security level. This means that the more (less)
these variables, the more (less) the food security level. Income contributed to food security
through enabling food expenditure and there are many variables reinforcing household

income in the system.

Food harvested from the farm which had a positive direct relationship with food security,
had two variables (food for other uses and food lost) in the system which directly limited

its growth.
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Figure 7. 11 Food security use tree (Blue link= positive arrow. Red Links = negative arrow)
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Food security is a key outcome variable that drives one important variable of the system,
health and nutrition level. So, other important elements of the food system that results in
food security and other desirable outcomes of the system indirectly use food security
through health and nutrition. Variables like available labour force, income, food
expenditure, and birth and death in the population loops indirectly through health and
nutrition level which has a dynamic feedback relationship with food security. Figure 7.13
shows that income is a very important variable of the food system, and it has a reinforcing

relationship with food security up to the 5% depth of relationships.

The tree diagram analysis of food security in the food system delves into the complexities
of how harvested food directly affects food security and how certain factors within the

system can either limit or enhance this effect.

As the primary source of food, the quantity and quality of food harvested directly impacts
food security. The direct positive relationship between food harvested from farms and food
security is intuitive-more food produced leads to greater availability for consumption,
which enhances food security. This direct link underscores the primary role of agricultural
productivity in the broader context of food security. However, this relationship is
complicated by two variables, food for other uses and food lost, which can potentially

reduce food availability for human consumption (Charles et al., 2010).

Food losses can occur due to several reasons, including inadequate storage, poor handling,
and inefficiencies in the food supply chain. These losses can occur at various stages, from
post-harvest losses during storage and transport to spoilage. Food loss reduces the
effective output from agriculture, directly impacting the food availability for consumption,

thus limiting food security (Gustavsson et al., 2011b).

Food security significantly drives health and nutrition levels, establishing a foundational
role in promoting a healthy and productive labour force. Improved nutrition enhances
individual health, which in turn can lead to increased productivity and an ability to engage
in more labour-intensive tasks, thereby influencing agricultural output and economic

activities positively.
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Improved health and nutrition increase the available labour force, enhancing productivity
and potentially leading to higher income. Increased income allows for better food access
and diversity, further reinforcing food security (Black et al., 2013). As income resulting from
higher productivity increases, households can spend more on food, improving their food
security through access to a variety of nutritious foods. This expenditure is critical in
ensuring that their diets are not only calorie-sufficient but also nutritionally adequate
(Smith & Haddad, 2015). Health and nutrition have a profound impact on demographic
dynamics. Better nutrition reduces mortality rates and can influence birth rates through
improved health conditions. These demographic factors indirectly affect the labour force

and productive capacity, influencing food security (Martorell & Zongrone, 2012).
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Figure7. 12 Household income causes tree



Another important key outcome variable in the system is household income. Household
income in the food system is the direct result of five elements of the system. Households
get their income from farm produce sold, forest food sold, off-farm activities which is a
major source of income flow for most farming households, processed foods sold, and
wages (see Figure 7.14). At the second stage of the cause tree diagram, food harvest from
the farm, forest food, processed foods, farm labour, and education, experience and skill
training had a positive relationship with the variables that directly reinforce household
income. The variable with the closest relationship to household income that had a negative
relationship was monocropping and its relationship with farm labour need at the 3™ depth

of the tree diagram.

The income cause tree diagram derived from the causal loop diagram illustrates how
household income in Northeast Nigeria is intricately tied to various components of the
food system. This detailed exploration shows both the direct sources of income and the
underlying factors that influence these income streams, painting a comprehensive picture
of the socioeconomic interactions within the agricultural sector of Northeast Nigeria. The
study effectively identifies several primary and secondary sources contributing to

household income, as well as the dynamics influencing these income streams.

Selling farm produce is a primary source of income for many households. The ability to
generate income from this channel heavily depends on the quantity and quality of the food
harvested, which is influenced by factors such as soil health, farm labour productivity, and
the types of crops planted. This aligns with the findings of Lentz, Barrett et al. (2013), who

discuss the significance of agricultural productivity in boosting rural incomes.

Similar to farm produce, forest foods provide a significant source of income for households
engaged in gathering and selling these wild foods. The sustainability of this income source
is linked to the health of local forests and biodiversity, which are impacted by agricultural
practices and land use changes. Also, for many farming households, off-farm income is
crucial. This can include small businesses, labour in nearby towns, or seasonal work
elsewhere. The ability to engage in off-farm activities often correlates with the level of

education, skills, and the overall economic health of the region.
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The success of this income stream from processed foods is tied to factors such as the
availability of raw materials (farm and forest food harvests) and the level of technological
and educational advancement in processing techniques. This reflects value addition to
agricultural products, which can significantly increase household income. Processing food

adds market value and can open new markets.
Income from wages, whether from farm labour or other employment, is a direct

contributor to household income. The availability and quality of such jobs are influenced

by broader economic conditions, educational opportunities, and labour demands.
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Figure 7. 13 Household food security uses tree  (Blue link= positive arrow. Red Links = negative arrow)
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When the use tree diagram of the household income was extracted, Figure 7.15 shows that
income as well as a being a key outcome variable in the system also drives three other
variables that have dynamic relationships to outcome and driver variables in the food
system. Income had a positive relationship that drives food and nutritional security directly
through food expenditure. Household non-farm investments in education, training, and
acquisition of land come from household income through household savings. Income had
a direct positive relationship with investment in farm inputs. The use of agrochemicals and
tractors, investment in farm inputs, and seed preservation by farms for next season
planting had direct relationships with seedling from seed companies that gets its source
from investment in farm inputs. However, at this 3™ relationship depth in the tree diagram,

seeds preservation had a negative relationship with seedling from the seed companies.

The analysis of the use tree diagram in Figure 7.15, provides insightful details about how
income functions both as a driver and an outcome within the food system of Northeast
Nigeria. This dual role underscores the pivotal position of income in influencing various
aspects of agricultural and non-agricultural investments, and consequently, on food and

nutritional security.

Income has a direct positive relationship with food and nutritional security, primarily
mediated through its linkages with food expenditure. This relationship underscores the
basic economic principle that higher household income allows for greater spending on
diverse and nutritious foods, thus directly enhancing food security and people’s nutritional
status (Smith & Haddad, 2015). The ability to purchase sufficient and nutritious food
directly affects the health and well-being of households. Research has shown that
increased household income leads to better quality diets and improved nutritional

outcomes (Drewnowski, 2022).

Income influences non-farm investments such as education, training, and land acquisition
through household savings. This pathway highlights the role of income in enabling
households to invest in assets and capabilities that can increase their economic resilience
and potential for income generation (Lentz & Barrett, 2013). Investments in education and

training are particularly significant as they equip individuals with skills and knowledge that
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enhance labour productivity, potentially leading to higher income. Furthermore, land
acquisition can expand agricultural opportunities, thus contributing to increased food

production and security.

The positive impact of income on investment in farm inputs such as seedlings, fertilizers,
and machinery directly contribute to agricultural productivity. More resources dedicated

to farm inputs can lead to higher yields and more stable food supplies.

While investment in modern farm inputs generally supports agricultural productivity, it can
negatively impact traditional practices such as seed preservation. The commercialization
of seed supply (buying seedlings from companies) may discourage farmers from preserving
their seeds, which can affect biodiversity and farmers' independence from commercial
seed suppliers (Kloppenburg, 2010). This negative relationship raises sustainability
concerns, as reliance on commercial seeds might increase vulnerability to market
fluctuations and reduce agrobiodiversity, which is crucial for resilience against pests,

diseases, and climate change (M. Altieri & Nicholls, 2004).
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In the food system, biodiversity is the single element of the system with the highest number
of direct relationships with other variables. Figure 7.16 shows that seven elements of the
system have direct impact on biodiversity. Among these 7 elements, 4 have negative
relationships and 3 have positive relationships with biodiversity. The four variables-
agrochemical use and tractors, deforestation, monoculture, and land for agriculture had
negative relationship with biodiversity, with the first three having a dominant negative
impact as indicated using thick red arrows. These variables with the negative relationship
with biodiversity all have a positive relationship with their direct cause variables. The
biodiversity direct cause variable with the longest depth of relationship was agrochemicals

and tractor use, through its relationship with income.

The result highlighting biodiversity as a critical element in the food system of Northeast
Nigeria, with extensive interactions affecting its status, underscores its importance and
vulnerability within agricultural practices. The analysis of these interactions offers crucial
insights into how different agricultural practices influence biodiversity and, consequently,

the sustainability of food systems.

The extensive use of agrochemicals and heavy machinery like tractors often leads to
degradation of natural habitats, reduction in soil biodiversity, and contamination of water
sources which negatively affects overall biodiversity (Tilman et al., 2001; Tscharntke et al.,

2005).

The direct cause relationship between income and the use of agrochemicals suggests that
economic considerations often drive their use. Agrochemicals and tractors are typically
associated with higher immediate agricultural yields, which translate to increased income
for farmers. However, this short-term gain can lead to long-term ecological damage,
underscoring the need for sustainable practices that balance economic benefits with

environmental health.

Clearing forested land for agriculture is one of the most direct and significant threats to
biodiversity. Deforestation leads to habitat loss for numerous species and disrupts
ecosystems, resulting in biodiversity loss (Gibson et al., 2011 Foley et al., 2005). Often
driven by the demand for more agricultural land or for the sale of timber, deforestation is

economically motivated, but ecologically detrimental.
211



Monocultural practice reduces the diversity of plant species and, by extension, affects the
diversity of other organisms including pollinators, soil microbes, and other beneficial fauna
(Altieri & Nicholls, 2004). This practice simplifies ecosystems, making them more

vulnerable to pests and diseases, which can have catastrophic effects on crop yields and

local biodiversity.
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Figure 7. 15 Biodiversity uses tree (Blue link= positive arrow. Red Links = negative arrow)
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Biodiversity had positive relationship with three direct cause variables — soil quality,
traditional seeds preservation for next the planting season, and mixed cropping system.
These positive and direct cause variables of biodiversity had contributing variables that
limits their growth. Biodiversity had direct positive use relationship with forest foods,
mixed cropping (root cause variable) and soil quality (outcome variable). Apart from soil
quality and mixed cropping, biodiversity contributes to two key outcome variables- food

security and income through forest foods.

The analysis of the role of biodiversity in the food system of Northeast Nigeria
demonstrates its central importance in promoting sustainable agricultural practices and
enhancing food and nutritional security. It also provides crucial insights into how various
elements of the ecosystem interact with the environment to affect food security and
economic outcomes. Through the provision of forest foods and support for mixed cropping,
biodiversity directly contributes to food security. These systems are more resilient to
environmental stressors and can produce stable yields under a variety of conditions.
Healthy biodiversity contributes to a robust ecosystem, which is foundational for
productive agriculture (Tscharntke et al., 2012). The use of agrochemicals and heavy
machinery (tractors) can compact the soil and reduce its biological activity, porosity and

aerobic condition thereby negatively impacting soil quality.

Biodiversity supports the preservation of traditional seeds by maintaining a variety of
genetic resources that can adapt to local conditions and resist pests and diseases. It ensures
a wide gene pool necessary for the resilience of crops to varying conditions. Diverse genetic
resources enable farmers to select seeds that are best adapted to local conditions
(Kloppenburg, 2010). The introduction of seedlings from seed companies often focuses on
high-yielding varieties that may displace traditional varieties, thus reducing genetic

diversity and the resilience of the system (Kloppenburg, 2010; FAO, 2014).

Concerning the direct use relationships, biodiversity supports a variety of forest foods,
which contribute significantly to food security and dietary diversity in rural communities.
Biodiversity directly contributes to the availability and variety of forest foods, which are

214



vital for food security and nutritional diversity. Forest ecosystems rich in biodiversity tend
to have a higher abundance and variety of edible plants and animals, offering crucial
nutritional resources to local communities (Bhagwat et al., 2008). Forest foods also provide
an important source of income for local communities, as they can be collected and sold

with minimal investment (Sunderland et al., 2015).
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Figure7. 1816 Farm labour cause tree (Blue link= positive arrow. Red Links = negative arrow)
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Figure 7.18 shows that farm labour has a direct cause relationship with four variables of
the food system- monocropping, mixed cropping, area of crop planted and number of
animals, and available labour force. Three of these variables: mixed cropping and mixed
farming, crop area planted, and animals kept, and available labour force had a positive
relationship with farm labour. Their increase or decrease leads to the increase or decrease
in the need for farm labour. Monocropping is seen to have a negative relationship with
farm labour. The more the farmlands is used for monocropping, the less the need for farm
labour, and vice versa. Figure 7.18 shows that available farm labour has a negative
relationship with education, experience, and skill training, and has a positive relationship
with population, and health and nutrition. Farm labour and crop area planted, and number
of animals kept had a positive relationship. Mixed cropping and mixed farming require
more manual labour than monocropping which substitutes for manual labour with

machines and chemicals.

Figure 7.18 clearly outlines the various interactions between farm labour and other
significant agricultural system variables in  Northeast Nigeria. This interaction plays a
crucial role in shaping labour dynamics and, ultimately, agricultural productivity and

sustainability in the region.

The direct cause relationship for farm labour shows that an increase in mixed cropping and
mixed farming leads to a higher demand for farm labour. Mixed cropping systems often
require more diverse management practices, which are labour-intensive but beneficial for

soil health and ecological balance (Horlings & Marsden, 2011).

Encouraging mixed cropping can enhance biodiversity and soil fertility but requires
supporting policies that address the increased labour needs, possibly through labour
incentives or mechanization support where appropriate. In contrast, monocropping often
involves repetitive tasks that can be mechanized, reducing the labour requirements per
unit area. This can lead to a reduction in employment opportunities for those in local
communities (Altieri & Nicholls, 2005). Hence, while monocropping might improve
efficiency and reduce costs, it can also lead to social challenges, such as unemployment

and reduced soil health due to decreased crop diversity.
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Expanding the area of crops planted, or the number of animals raised, naturally increases
the demand for labour, especially in situations where agricultural practices are relatively

low labour-intensive.

As for the second depth relationships, higher levels of education and training might reduce
the dependency on traditional farm labour as more educated workers may seek
employment outside of traditional farming, or they may implement more efficient farming
techniques that require less labour. This highlights the importance of education and
training in implementing agricultural innovation. However, it also suggests the need for job
creation in other sectors, or for advanced roles within agriculture that can accommodate a
more skilled workforce. Good health and proper nutrition are crucial for a productive
labour force. Healthy workers are more efficient and can significantly contribute to higher

agricultural output (FAO, 2017).
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Exploring the farm labour use tree (Figure 7.19) shows that only one variable in the system
makes direct use of farm labour to contribute to food security. Farm labour contributes to
food security through the wages the labourers earn from working in the farm. This link is
especially important in understanding how the position of agricultural labour impacts the

broader economic and nutritional well-being of households in Northeast Nigeria.

Farm labourers earn wages by working on farms, which directly translates into household
income. These wages are a crucial source of income for many rural families. This income is
vital as it enables households to meet various financial needs, including investment in more
productive farm inputs and technologies, and consumption expenditure on nutritious
foods or education, which indirectly influences nutritional outcomes and general well-
being. Part of the wages earned from farm labour may be reinvested into their own farm
itself, purchasing better quality seeds, farm equipment, or even by expanding the land
under cultivation. This reinvestment can lead to increased agricultural productivity, which

is critical for sustained food security.

The economic model demonstrated by the farm labour use tree (Figure 7.19) highlights
how integral labour wages are used to maintain, not just individual household stability, but
also community-wide food security. This economic input is particularly crucial in rural areas
where alternative employment opportunities might be scarce, and agriculture represents
a significant portion of local economic activity. The dependency on farm labour for
household income also suggests vulnerability in relation to FEE theory. Any factors that
disrupt agricultural labour- such as health pandemics, extreme weather events, or

economic downturns- can have direct negative effects on food security.

The last key outcome variable of the food system is soil fertility with four variables directly
feeding into it. Organic fertilizer and biodiversity have positive relationships with soil
quality as seen in Figure 7.20. However, deforestation and agrochemical use have negative
and direct relationships with soil quality. The direct cause variable with the longest tree
branches in the diagram is agrochemical use, which has a negative relationship with soil
quality. The tree diagram shows that the variable that exerts the strongest influence on soil

quality were deforestation, and agrochemical use and tractor use. These two variables had
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first and second depth negative relationship with soil quality, with agrochemical use and

tractors having up to a third depth negative relationship with soil quality.

The results highlighting the impact of various factors on soil fertility in Northeast Nigeria
present crucial insights into the interactions that either support or undermine soil health.
The discussion of these results is framed within the context of sustainable agricultural
practices, revealing the conflicting impacts of organic inputs and conventional farming

practices on soil quality.

Organic fertilizers contribute to soil fertility by enhancing the organic matter content and
microbial activity within the soil. This results in better nutrient cycling and improved soil
structure. Biodiversity, especially when it comes to cover crops, crop rotations, and the
presence of beneficial insects and microorganisms, plays a crucial role in maintaining soil
health by enhancing nutrient availability and reducing soil erosion (Tscharntke et al., 2012).
Deforestation disrupts the soil structure and reduces its organic content. The removal of
vegetation cover exposes soil to the elements, leading to nutrient losses and reduced

fertility (Montgomery, 2007).
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Soil quality feeds into two important outcome variables of the food system: food harvested
from the farm and biodiversity (Figure 7.21). There is a positive relationship between soil
quality and its direct use variables. A good soil quality leads to a good harvest. Hence, soil
quality, through these two key outcome variables lead to food security. Soil quality is vital

for farm foods, household income, and forest foods.

The relationship between soil quality and its impact on various components of the food
system, as depicted in Figure 7.21, provides a critical insight into the mechanisms through
which sustainable agriculture can be promoted to enhance food security. Good soil quality
is fundamental to achieving high agricultural yields. Healthy soil provides essential
nutrients to crops, supports root growth, and enhances water retention, all of which are
vital for optimal plant health and productivity (Lal, 2004). This relationship is directly

observable from the yield level and quality of the food harvested from farms.

Soil quality also affects biodiversity within agricultural systems. Healthy soils support a
wide range of life forms, including micro-organisms, insects, and plants. This biodiversity is
crucial for ecosystem services such as pest control, pollination, and nutrient cycling which,
in turn benefits crop production and stability (Tscharntke et al., 2012). Diverse ecosystems
are more resilient to diseases, pests, and environmental stresses, thereby ensuring more

stable food outputs.

In the causal loop diagram (Figure 7.20), soil quality is shown as a driver that affects both
farm food outputs and biodiversity. The enhancement of soil quality can lead to a virtuous
cycle where improved harvests and biodiversity reinforce each other. For instance, better
harvests can provide more resources for soil improvement practices, and increased
biodiversity can lead to better soil health through natural processes like nitrogen fixation
and organic matter decomposition. The productivity of soil can significantly affect
household income. Farms with better soil quality typically produce higher yields, which can

be sold for profit, thereby enhancing the economic situation of the farmer.
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7.4 Feedback and Causal Loop Discussions
This study explored the complex dynamic relationships and interactions of elements

between the food system. Important to this study are the relationships shared between
these variables. Relationships are very important in the functioning of every system be it
mechanical, biological, or social. However, human society operates a very rich and dynamic
relationship. Humans share rich relationships between themselves, and elements of other
systems as seen in the food system. The food system brings together human society, farms,
and forests. It encompasses a multitude of subsystems that interact dynamically to fulfil
multiple essential functions -providing food for human consumption, maintaining
environmental health, and offering services that support societal well-being. Through a
highly iterative process of gathering knowledge about the food system, rich pictures and
individual mental models were created for each member of the modelling group, which
ultimately led to the development of a causal and feedback loop diagram of the food
system. Additionally, knowledge drawn from the reviewed literature, food system
household survey, and focus group discussions held in Northeast Nigeria were applied in
the development and discussion of the causal/feedback loop diagrams. This complex
system diagram of the food system represents the relationships and interactions that
created the present food system in Nigeria. The study, through utilizing a system thinking
approach, identified four main root cause variables in the system, the main drivers of the
food system. The feedback diagram shows that Nigerian food system produced 5 key
outcome variables. These outcome variables are the consequences of the relationships in
the system. These outcome variables- biodiversity, food security, household income, farm

labour and soil quality, form the target of sustainable food system.

The tree diagrams present a simplified picture of relationships driven by the root cause
variables, and the relationships driving the key outcome variables. The cause tree diagrams
show the variables in the system that contribute to the key variables of the system, and
the kind of relationships shared. Environmental sustainability, economic viability and social
justice are important components of sustainable development. Although there are several
definitions of sustainable development, there is consensus on the importance of
biodiversity and natural environment preservation, poverty, and hunger eradication to the
extent of having zero hunger in the world, and a just system to ensure social justice. These

variables are very important in that they are the focus of much research. However, efforts
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to achieve them have yielded very little result, especially in Nigeria. Nigeria records the
highest level of deforestation in the world (Ogundel, Oladipo and Adebisi, 2016; World
Resources Institute, 2021). In 2021, Nigeria recorded an increase in unemployment with

many more employed people losing their jobs (Olurounbi, 2021).

Hunger and food insecurity are on the rise in Nigeria, with the NorthEast being a
humanitarian emergency case (FAO-ILO-IUF et al., 2005; Integrated Food Security Phase
Classification, 2021). Loss of soil fertility is a problem in Nigeria with so many soils being
dependent on inorganic fertilizers for food production and subsequent soil pollution and
acidification (The Guardian, 2020; Yusuf & Yusuf, 2008). The continuous fall in the real
value of the Naira over the years has left so many households poorer (Onyekakeyah, 2021;

Ubah Jeremiah Ifeanyi, 2021).

The feedback loops tell stories about the interactions of the elements in the system with
limiting or escalating effects on the key outcome variables. Elements like income and
biodiversity have a major influence in the food system as both key outcome and driver
variables, given the rich and lengthy relationship shared with other variables. They have
strong impact on food and nutrition security and the health of the society. Income and
biodiversity cause tree diagrams highlighted the variables in the system that will lead to
more biodiversity and more income for the household, which will invariably improve the

living conditions of both humans and non-human living components of our world.

The causal and feedback loop diagrams highlight the importance of seed in the farm and
food system. The causal and feedback loop diagram underscores a critical aspect of
agricultural systems, the role of seed within the food systems. The choice of seed source
and seed variety influences not only the yield and quality of the harvest but also the
resilience of the crop to pests, diseases, and changing climate conditions. Moreover, seeds
are at the heart of agricultural biodiversity, which is crucial for food security, ecosystem
sustainability, and the resilience of farming systems to environmental changes. Sourcing
seed locally from farmers encourages the preservation and propagation of indigenous crop
varieties that are often well-adapted to the local climate and soil conditions. These local
varieties can be more resistant to local pests and diseases and may require fewer inputs

such as fertilizers and pesticides to produce a good crop. Moreover, local seed systems
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support the cultural heritage of communities, preserving traditional knowledge and
practices related to agriculture. Local seed sourcing also promotes genetic diversity which
is a key component of agricultural resilience. Diverse crops can better withstand diseases,
pest infestations, and extreme weather conditions, reducing the risk of total crop failure
and enhancing food security. Hence, sourcing seeds from industrial seed companies often
means relying on a narrow selection of scientifically improved or genetically modified
varieties (Tschersich et al., 2023). While these seeds can lead to an increased food harvest
and are designed for high productivity, they can also have unintended consequences like a

reduction in crop diversity.

Negative feedback loops resulting from sourcing seeds from seedling companies could
represent the diminishing diversity and increased dependency on industrial seeds. Being
able to source seeds from seed companies has given farmers access to high performing
seeds, and undermined seed biodiversity and increased farmers’ input cost. This is because
farmers now care little about their native seeds, are losing knowledge of their traditional
seed preservation techniques, and must keep buying seeds and its accompanying
chemicals to keep producing (Schapiro, 2018). It also showed how some root cause
activities like monocropping and the use of agrochemicals and tractors in the system
currently promoted in agricultural policies like APP and NATIP is working against the
desired outcome variable (biodiversity, and labour in developing economy). The diagram
shows that we can explore this cause and use variables further to minimise undesirable
outcomes in the system, like diminishing biodiversity, monotonous non-diverse diets that
do little to improve nutrition security, and loss of source of livelihood for the poor farm

labourers who depend solely on their wage from working on farms.

The food security feedback loops in line with Thrupp (2000) and Majeed (2018) show that
agrochemicals and tractors limit the efforts in achieving food security through four
different dominant loops affecting biodiversity, soil quality, mixed cropping, and labour.
Though agrochemicals support food production through monocropping, the diagram
shows that agrochemicals, through 4 different paths resist the achievement of food
security through its negative relationship with soil health. There is a direct negative
relationship between agrochemicals and tractor use and soil health, and a direct negative

relationship between agrochemical use and biodiversity that shares a positive relationship
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with soil health. Agrochemicals and tractor use are very important cause variable for
monocropping, and it has a positive relationship with deforestation and a negative
relationship with biodiversity. With increasing agrochemical and tractor use on farms, soil
fertility becomes dependent on inorganic fertilizer for production, and on pesticides and
herbicides for the ever- changing bad weeds and resistant pests and diseases. Chemicals
have been used on the farms for centuries and is considered a very important component
of the system for achieving food security. Agrochemicals and tractors which have
encouraged and sustained monocropping have contributed to feeding the growing
population. The use of chemicals and machines in farming have contributed to yield
increase over the past 40 years through soil fertility and pest and weed control (Majeed,
2018). However, there are concerns on the negative effects of agrochemicals and tractors
on the environment and human health (Fritz, 2011; Majeed, 2018), biodiversity (Thrupp,
2000), soil organisms (Gunstone et al., 2021), and labour for poor farm owners and farm

labourers (Baltensperger & Tensperger, 1987).

As rightly pointed out in Princy (2020) and Thrupp (2000), agrochemicals are used to
improve soil nutrition and kill weeds and pest in the farm and may not consider the other
components of the ecosystem an important part of the food system. Agrochemicals also
might be considered a very important food increasing factor. So, agrochemicals affect both
the intended and unintended targets (Thrupp, 2000). Pesticides can have a devastating
effect on a wide array of susceptible components of the system, thereby affecting the
system structure and system knowledge of the ecosystem. Causal/feedback loop group
model members think the chemicals have subtle but great effects on wild foods like edible
weeds and insects. They also thought the chemicals used for farming are changing the type
of weeds found on farms. According to Harris and Mohammed (2003) about 33 wild food
varieties are found in the farm. These wild foods contribute greatly to the food of
household, and can be destroyed with the use of agrochemicals. The effects of
agrochemicals in the food system to a large extend hinders the achievement of sustainable
development than it contributes to yield. This can be seen in the large number of feedback
loops coming from agrochemicals and tractor use and the negative relationship it shares
directly, and indirectly, with biodiversity, mixed cropping, and soil health. Agrochemical

use encourages monocropping which contributes to food yield and so food security.
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However, its impact on the three key variables of the system brings out the need for

caution in its promotion and use.

APP policy and subsequent Nigeria agricultural policies aimed at achieving commercial
scale agriculture to increase exports have made mixed cropping unpopular. Mixed cropping
which is widely practiced in Nigeria is threatened by high labour costs, and agrochemical
and tractor use which receive input subsidy support from the Government. Most farmers
practicing mixed cropping have very small farm sizes that make it unreasonable
economically to use tractors. Due to the nature of mixed crop farms, farmers use little or
no pesticide and herbicides on the farm. These smallholder mixed crop farmers plant more
than two crops on a piece of land at the same time, use farm labourers for their activities,
and store seeds from previous harvests for next season planting. So, the use of
agrochemicals may be difficult. Thus, monocropping with its cheap agrochemicals and
tractors which reduces the cost of labour, and diseases, and pest attacks is an attractive
alternative, especially for large scale farming. The cheaper the agrochemicals, and so the
more the use of agrochemicals, the less farmers will practice mixed cropping. The feedback
loop diagram highlights the importance of farm labour for the poor farm labourers who
depend on their wage for almost all their needs. If they are pushed out of the system by
agrochemicals and tractors, and without an alternative source of income, they will become

a humanitarian crisis.

The use of tractors in farming removes the drudgery of farming, cultivate more lands, and
makes farm commercialization easier. However, tractors usage can only be profitable
where farmers have large portion of land, and this is not common in Nigeria where the
average land holding size of the farm households is about 0.5ha. Policy supports and many
campaigns for industrialized farming and commercialized foods will work in favour of the
rich who have money to purchase more land from the poor landowners and access tractors.
Knowing there are fixed areas of land, the consolidation of land by the rich will end up
depriving the poor landowners the only resource they depend on for food, leading to

failure of exchange entitlement.

Unlike manual labour managed farms with tree shade left on the farms, tractor farming

leaves the farm bare and exposed to weather elements. The trees which shield the soil,
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hold the soils together and serve as habitat and sleeping place for small animals are
uprooted and removed in tractor farming. With the heavy rainfall in Nigeria, total tree

clearing leads to nutrient leaching and soil erosion.

Monocropping like mixed cropping are methods employed by farmers to produce food.
However, monocropping makes for the large production of very few selected crops, while
mixed cropping supplies a large variety of foods including wild ones. This study found,
through focus group discussions and household survey, that farmers practicing
monocropping plant an average of 1.2 crops on a piece of land for a year and mixed crop
farmers plants a mean of 5 crops on a piece of land in a year. The focus crops of the
monocrop farmers were soya beans, sugar cane, sesame or beniseed, maize, millet, and
guinea corn. However, over generations, mixed crop farmers have maintained the wild
diversity of domesticated crops and wild plants in Nigeria. According to Sarumi et al.,
(1996), Nigeria has over 4,600 identified plant species, and 205 of these plants are endemic.
The northern zone is home to 39 endemic species, Western Zone has 38, and the eastern
zone is home to 128 endemic species. With the growing interest in the production of more
food through monocropping and its packaged system of industrial seeds, and
agrochemicals, these endemic plants may be negatively affected. These endemic plants
receive little or no attention from the Government and policy makers who promote a

simplified farming system that undoubtably push these endemic plants to extinction.

Declining agrobiodiversity in farms is fuelled by the food security policies of Nigeria (like
other countries with input subsidy programme) and focus on commercialization of
agriculture for food export. Mixed cropping is very much discouraged by the many policies
in agriculture. The ageing population of mixed crop farmers are going out of farming
without passing on their knowledge and skills. The depleting knowledge economy going on
unnoticed in the food system will be a problem for food system resilience. In the soils,
trees, microorganisms, birds, bees, and humans lay the undocumented and very much
incomprehensible knowledge bank that has fed the people and kept the balance in the
system. These knowledge gaps have been created by polices and top-down support for
simplified farming systems can be difficult to identify and address the longer it lasts.
Advances in computer technology is very important in solving the problems of much

organisational knowledge lost (DeLong, 2005), but this will do very little in solving the

230



problems of the complex food system that is shrouded in biodiversity complexity. This is
because the large proportion of the knowledge and skill are undocumented and stored in
soft copies in human minds and system component memories. Because food system
elements are interdependent, delays in recognising the problem can be costly. The longer
the problem stays unrecognised the more the system suffers. Food system stakeholders
cannot afford to lose system knowledge. The knowledge of keeping diverse plants and
animals is currently being replaced by an in-depth knowledge of a few crops and how to
increase them with increasing science of chemical use and creating a microclimate for
these few crops. The most subtle erosion extinction happening in the food system is the
fast but subtle depletion of the traditional and indigenous knowledge of the food system
which has preserved biodiversity over generations (Berkes et al., 2000; Cilliers, 2000a;
Convention on Biological Diversity, 2010; Daniel et al., 2022; Kennedy et al., 2022; Mistry,
2009; Thomas et al., 2019).

Traditional and indigenous knowledge in the food system are skills, knowledge,
understanding, practice, ideology, and experiences learned, developed, sustained through
a long history of interactions with the environment and passed on through generations
within the community (Mistry, 2009; Vidal, 2019. This knowledge forms part of their
spiritual and cultural identity (Mistry, 2009), this type of knowledge is important for

preserving global biodiversity, and survival of our future generations.

In conclusion, the food system feedback loop diagram (Figure 7.1) had 4 root cause
variables and 5 key outcome variables addressing the third objective of the study - explore
the linkages between the food system components and food security pillars to understand
their interactions and identify the main drivers and the key outcomes of the food system.
The linkages and feedback loops within food system policy interventions, labour, farm
practices, agrobiodiversity, household socioeconomic characteristics, and consumptions of
diverse food were explored. The diagram shows the dynamics in the sources of seed for
planting, use of agrochemicals and tractors, two different farming practices -mixed and
mono cropping and farming, food harvested from farm, off farm activities, and their
reinforcing and balancing effects through biodiversity, soil health, labour, food security,
health, and other outcomes in the system. It is clear from the food system feedback loops

diagram and the tree diagrams of the root cause variables, that the use of agrochemicals
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and tractors, food harvest, monocropping system of farming, and mixed cropping system,
to a large extent, control what happens in the food system. Mixed cropping through its
dynamic and complex relationships in achieving food security, is an important factor in
creating more labour especially farm labour for the poor in an economy like Nigeria where
the unemployment rate is very high. Their wage is all they must live on and anything taking
their places in the farms is indirectly impoverishing them and making them more
vulnerable. Mixed cropping plays an important role providing the household with varieties
of different foods, and the soil with organic manure. This feedback system will help us
understand that the variables supporting the use of agrochemicals and tractors are
indirectly working against soil health and biodiversity. A good soil quality will result in a
good harvest. It will support the activities and growth of soil living organisms to achieve a
sustainable food security in Nigeria. The 5 outcome variables and 4 root cause variables
driving the system should be the focus of policies. The action plan of the Government and
people should involve treating these components of the system as a package. So, the root
drivers and, importantly their cause variables, should be explored to reduce or limit the
variables with limiting impact on the desired variable and improve the ones with positive
impact on the desired variable. This is important for improving biodiversity, income for the
poor farmers, food security for the health of the population, and soil health to produce
healthy food and society. It is also important for creating jobs, especially in countries with
high unemployment rates, for the teeming population of unemployed labourers who

depend on their labour for sustenance.

Policies on food security should be improved by applying system thinking to enable
practical and more informed food security policies that consider food security as a part of
the food system. The use tree of these outcome variables also enlightened us on the
importance of biodiversity and income to other components of the system. Though
population increase and the ever-increasing gap in resource distribution encourage
agrochemical use, policy makers and farmers should look beyond the food produced by
using agrochemicals. If food and nutrition security entails always having enough quantity
of food and diversity of diet from different plant and animal sources, then there is need to
rethink the monocropping ideology being promoted for food security as it can only supply
very few foods at the expense of biodiversity and the health of the system. The study of

the dynamic relationships of the root causes variables, and their feedback mechanisms
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from the causal loop diagram shed light on elements of the system that sustains or
escalates the current situation. This is important in solving the current situation of the food
system. To avoid problems such as protecting the trees by using plastic bags and ending up
in suffocating the earth through this good intension, there a is need for the adoption of the

system thinking approach to problem solving.
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Chapter 8: Conclusion, and Recommendations
8.1 Conclusion
This study investigated the complex challenges of achieving food and nutritional security

in Northeast Nigeria, due to various social, economic, and environmental constraints. In
Nigeria, there are significant food security issues, with millions of people experiencing
hunger and living under the poverty line. The Northeast geopolitical zone of the country
faces severe food crises exacerbated by high levels of malnutrition among children. The
country's deforestation rate also impacts food security negatively. Malnutrition is
prevalent in Nigeria, with one in three people suffering from malnourishment and 4 in 5
food insecure. The Northeast region faces severe challenges, with millions of children in
urgent need of humanitarian assistance. The study shed light on the need to explore and
understand the linkage between income, labour, biodiversity, agrobiodiversity, and food
security to understand the root causes of the situation. It found that sustainable
agricultural practices and the promotion of biodiversity can lead to an increased food

system resilience and better food security outcomes.

The broad objective of the thesis was to explore the relationship between food systems
and food security of Northeast Nigeria, applying the system thinking approach, with the
aim of achieving sustainable development. To achieve this broad objective, household level
data on food security situation were collected, and focus group discussions on agricultural
policy were conducted. A system causal and feedback loop diagram was developed and
analysed to understand the relationships and the interdependence of the components of
the food system. Exploring whether encouraging farmers and poor households with access
to land to produce their own food, using farming methods that give them access to a range
of crops and animals for consumption, will help combat food insecurity. The quantitative
and qualitative data collected on food production and policy interventions in the food
system, enabled the causal and feedback loop diagram to identify interventions needed to

achieve a sustainable food system.

The specific research objectives of the study were achieved as follows:

Objective 1. What policy interventions are needed to encourage crop and animal diversity,
employment, increase biodiversity, income, and food security? Through Likert-type scale
ratings and rankings, potential policy interventions aimed at promoting the cultivation of

diverse crops and livestock, generating employment, and enhancing food security were
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identified and evaluated. This analysis underscored the importance of targeted policy
measures in achieving sustainable food systems and biodiversity, with a particular focus on

their potential to improve employment and income for vulnerable populations.

The study achieved the research question using a mixed-method approach that included
both qualitative and quantitative methods to gather comprehensive data on the
effectiveness of policy interventions aimed at achieving sustainable food system. It looked
at the focus group participants’ perceptions of the effectiveness of the policy interventions
in enhancing crop and animal diversity, employment, biodiversity, income, and food

security. Thus, the research provided robust evidence to guide targeted policy action.

Here is how the study specifically addressed the research question:

Methodology Used was Focus Group Discussions (FGDs). Qualitative primary data was
collected through structured FGDs. FGDs explored perceptions about the effectiveness of
the Nigerian Agricultural Promotion Policy (APP) interventions in achieving sustainable
food system goals. Participants discussed and evaluated 11 distinct policy interventions,

rating their effectiveness on a Likert-type scale from very ineffective (1) to very effective

(5).

Effectiveness ratings using the Likert-type Scale Ratings were systematically collected and

analysed. A clear mean scoring method was employed:
= AScores <2.45 is described as "ineffective".
» Scores between 2.45 and 2.55 indicated "moderately effective".
= Scores >2.55 indicated "effective".

Achievement of Research Question through Evaluated Outcomes:
1. Food Price Stability: Strategic national food reserves, use of agrochemicals and
tractors, organic farming, and supporting large-scale specialized farming were

identified as effective strategies for stabilizing food prices.

2. Access and Availability of Diverse Foods: Creating balanced diet awareness,
organic farming, forest conservation, and labour subsidies to small-scale farmers

significantly enhanced access to diverse foods, addressing nutrition security.
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3. Biodiversity and Environmental Benefits: Organic farming, forest conservation,
supporting small-scale farmers, strategic national reserves, and dietary diversity

awareness were effective for biodiversity conservation and environmental benefits.

4. Employment Generation: Promoting organic farming and supporting small-scale
farmers through labour subsidies were rated as highly effective for employment

generation among vulnerable populations.

5. Income Support: Encouraging organic farming, providing labour subsidies, and
forest conservation were highly effective for providing income support to poor

households.

6. Soil Health Improvement: Organic farming, labour subsidies for small-scale
farming, and forest conservation strategies were rated to be highly effective for

improving soil health and sustainability.

Validation through Participant Feedback:
¢ Qualitative insights from participants were integrated into quantitative evaluations

to contextualize and support the ratings.

o Participants highlighted real life challenges and emphasized interventions that were
closely aligned with local socio-economic realities and ecological conditions, thus

ensuring the relevance and applicability of policy recommendations.

Integration of Socioeconomic and Ecological Factors:
e The study considered broader socioeconomic impacts of the interventions, such as
employment displacement risks due to large-scale farming initiatives, reflecting

sensitivity to Sen’s entitlement theory and the concept of food sovereignty.

¢ Environmental sustainability was prioritized alongside socioeconomic benefits,

showing an integrated approach to sustainable food system policy development.

The findings clearly identified effective and ineffective policy interventions across multiple
sustainable food system goals, guiding targeted and context-specific policy

recommendations.
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The study provided recommendations that emphasized holistic, agroecological approaches
and small-scale farmer support, highlighting their broad effectiveness in achieving multiple

sustainability and food security outcomes.

In summary, the study systematically and comprehensively answered its research question
by combining qualitative insights from participants with quantitative thematic coding and
Likert-scale evaluations, resulting in nuanced, practical, and contextually grounded policy
recommendations aimed at promoting sustainable food systems, biodiversity,

employment, and food security.

The analysis highlighted that interventions such as encouraging organic farming,
supporting small-scale farmers with credit and labour subsidies, forest conservation, and
dietary diversity awareness were highly effective across multiple sustainable food system
goals, including food security, employment generation, biodiversity conservation, income
support, and soil health improvement. These approaches were closely aligned with local
socio-economic and ecological realities, offering viable pathways to enhance the resilience

and sustainability of local food systems.

Conversely, policies promoting commercial seeds and allocating 10% of total arable land
for cattle grazing were deemed largely ineffective by stakeholders, reflecting broader
concerns about their environmental and social sustainability, particularly in relation to

smallholder livelihoods and biodiversity conservation.

Notably, the findings underscored the importance of context-specific policy
implementation, emphasizing community-based forest management and agroecological
approaches that integrate traditional knowledge and practices. Participants expressed
significant concerns about displacement risks associated with large-scale farming initiatives
and highlighted the importance of inclusive and equitable policy measures that safeguard
the rights and entitlements of small-scale farmers. The results showed that most of the
farmers in this area were still involved in a closed farming system where the inputs for their
farms are sourced from their own farm. The dependence of the farmers on their saved
seedlings may save them some costs while preserving the indigenous biodiversity.

Sustainable agriculture requires the protection of local biodiversity. So, it is good for the
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environment that most of the farmers studied still source their planting materials from

their saved farm produce, and other farmers in their local markets.

Objective 2. The study ascertained the food and nutritional security situations of
households in Northeast Nigeria. It employed a comprehensive approach, collecting
primary data on various aspects of the food system, including production systems, food
sources, and dietary diversity. The findings shed light on several critical aspects of food and

nutrition security in the region.

The thesis highlighted the prevalent consumption of carbohydrate-rich foods, primarily
consisting of cereals and roots and tubers, in the diets of households (See Chapter 6, Table
6.1). These staples were consumed frequently, often on a daily basis. While these foods
provide energy, the study revealed a concerning trend of low consumption of essential
nutrients such as from animal protein, iodine, and iron rich-foods, which are crucial for the
growth and well-being of household members, particularly children. This observation
points to the existence of hidden hunger in Northeast Nigeria, emphasizing the need for a

more diverse and nutrient-rich diet.

Furthermore, the research illuminated the impact of income levels on dietary choices, with
rising incomes leading to greater consumption of ultra-processed foods (see Table 6.2).
Despite earning less than the national average living wage, households in this farming
community heavily relied on food from their farms and the forest for their food and
nutrition security. Access to land, and the ability to rely on indigenous knowledge, saved
seeds, forests, and labour were paramount for the survival of smallholder farmers in the

region.

The study also raised concerns about Government agricultural policies that promote the
commercialization of farms and the commoditization of food. Such policies that support
monocropping through the use of commercial seeds, agrochemicals and tractors, may not
be favourable for the majority of Nigerian farmers, particularly those in Northeast Nigeria.
The risk of losing their small plots of land which they depend on for subsistence farming, in
favour of larger commercial farms is high. This loss of entitlement could exacerbate food

insecurity in the region, and lead to competition with wealthier farmers, increased
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unemployment, and deforestation, which would deprive the people of wild food resources

from the forest.

The study also revealed that most farmers in the region predominantly focus on food crop
production, utilizing small-scale mixed cropping systems (See Table 5.2 in Chapter 5). This
implies that support and policies that prioritize monoculture and cash crop farming may

inadvertently exclude the majority of farmers in this area.

This research underscores the complex interplay of factors influencing food and nutrition
security in Northeast Nigeria. It emphasizes the importance of diversifying diets to address
hidden hunger, preserving biodiversity, protecting smallholder farmers' access to land and
traditional knowledge, and carefully considering the implications of Government policies

on food security in the region.

Objective 3. To study the linkages between, and within, the food system a food system
causal/feedback loop diagram was developed. This objective aimed to examine the food
system, activities, practices, components of the food system, and the relationships
between and within these elements of the food system for food security. The study
explored the linkages and feedback loops between and within labour, agrobiodiversity,
household socioeconomic characteristics, and consumptions of diverse food groups
necessary for adequate DDS. This study provided valuable insights into the intricate
dynamics of the food system, shedding light on the critical factors that drive its functioning,
and the outcomes it produces. Four main drivers emerged as key to shaping the food
system: mixed cropping, monocropping, the use of agrochemicals and tractors, and the
harvested food from farms. These drivers influence various aspects of the food system,

exerting a significant impact on the overall performance of the system.

The study also Identified five key outcome variables of the food system — biodiversity,
income, and food security, and two other outcome variables- soil quality and farm labour.
It highlighted the paramount importance of key outcome variables in evaluating the
effectiveness and sustainability of the food system. Biodiversity, as a measure of ecological
health and resilience is crucial for maintaining the long-term viability of agricultural

practices. Food security, ensuring that communities have access to adequate quantities of,
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and nutritious, food is a fundamental sustainable development goal. Income generation
represents economic well-being, while soil quality and farm labour underscore the
sustainability of farming practices. These outcome variables collectively define the success

and sustainability of the food system.

Furthermore, the study recognized the role of system knowledge as a lever within the food
system. It identified that system accumulation of knowledge of the complex interactions
between the key drivers and outcome variables is essential for effective decision-making
and policy formulation. System knowledge serves as the foundation for informed actions

aimed at achieving desired outcomes while mitigating unintended consequences.

In essence, this study underscored the intricate web of interconnections within the food
system, emphasizing the need for a system thinking approach that considers both the
drivers and outcome variables in order to achieve a sustainable, resilient, and equitable
food system. By comprehensively addressing these factors, policymakers, researchers, and
stakeholders can work together to develop strategies that promote food security,
biodiversity, income generation, soil health, and farm labour, ultimately leading to a more

sustainable and prosperous food future.

8.2 Policy Recommendations
Overall, the study's findings provide valuable insights for policymakers, researchers, and

communities in Nigeria, helping them develop evidence-based strategies to ensure food
security and address the underlying causes of food insecurity. It emphasizes the
importance of addressing food insecurity through sustainable agricultural practices,
improved access to employment, and promoting biodiversity to enhance food system
resilience. This study advocates seeing food insecurity as a transdisciplinary issue and,
studying food security through system thinking to enable research evidence that takes into
consideration the very important relationships and interdependence aspects of a complex

system.

The study recommends that:
1. Food and nutrition security intervention should target covering the gap in the

consumption of protein, iron, zinc, iodine, and vitamin A rich food identified in the
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study (see Chapter 6.). The study highlighted the food and nutrition insecurity situation
in Northeast Nigeria, with particular focus on the lack of protein and essential
micronutrients, which is an indication of hidden hunger. Micronutrient deficiencies
pose a significant public health challenge, affecting the well-being and development of
individuals and communities. To effectively combat these deficiencies, it is imperative
to adopt a multi-sectoral approach involving government agencies, healthcare
providers, educational institutions, community organizations, and individuals. This
policy recommendation outlines key actions that different sectors of government

should take to address micronutrient deficiencies comprehensively and sustainably.

Government agencies, particularly the Federal Ministry of Health, should collaborate
with researchers working on food security to conduct continuous monitoring and
evaluation of the nutritional status of the population. This data will inform evidence-

based interventions and track and measure progress over time.

The Ministry of Education should take a lead role in designing and implementing
awareness campaigns and workshops in schools, health centres, and communities.
These campaigns should emphasize the importance of consuming foods rich in
micronutrients and protein, in addition to carbohydrate-rich foods, for overall health.
Also, the Ministry of Education should integrate nutrition education into the national
school curriculum. This will ensure that students receive comprehensive education on

the importance of a balanced diet and the role of micronutrients in health.

School feeding programs, under the purview of the Ministry of Education, should
prioritize the inclusion of essential micronutrient-rich foods. This will not only improve
the nutritional status of students but will also set a positive example for healthy eating

for the rest of the population.

The Ministry of Agriculture and Natural Resources should provide comprehensive
support to farmers, including training, resources, and incentives, to encourage the
cultivation of diverse crops. This will help bridge the nutritional gap in the population

and promote dietary diversity.
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The Federal Ministry of Health should develop and implement training programs for
healthcare providers to equip them with the knowledge and skills to identify and
address micronutrient deficiencies in patients. This will enhance early diagnosis and

intervention.

All relevant ministries, including Health, Agriculture, and Education, should allocate
resources and support research initiatives focused on sustainable food security. This
research will provide evidence-based solutions and inform policies and interventions.
Addressing micronutrient deficiencies requires a concerted effort from multiple sectors
of government. By implementing these recommendations, government agencies can
work collaboratively to improve the nutritional status and overall health of the
population. It is essential to recognize that this is a long-term endeavour that demands
sustained commitment and coordination among stakeholders to achieve meaningful

and lasting impact.

To effectively tackle the challenges related to food security, environmental
sustainability and poverty reduction, there should be a policy shift. This shift should
prioritize support for small-scale farmers, with a particular emphasis on those engaged
in mixed cropping. This policy proposal underscores the importance of ensuring fair
employment opportunities, especially for small-scale farmers and a sustainable food
system in agriculture. To achieve this, the study suggests that the Federal Ministry of
Agriculture and Natural Resources should work closely with the Federal Ministry of
Labour and Productivity to ensure that agricultural labour is decently and adequately
compensated. These ministries should establish a comprehensive system for collecting
and monitoring data. This system will be instrumental in assessing the impact of their
policies on small-scale mixed cropping farmers, as well as their contributions to food

security and poverty reduction.

The Federal Ministry of Agriculture and Natural Resources should take the initiative to
develop and implement targeted assistance programs tailored to the needs of mixed
cropping farmers. This recognition is based on their role in diversifying agricultural
production, which is vital for ensuring food and nutrition security, increasing income,

and promoting environmental sustainability. To facilitate this, the government should
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provide financial support for land and labour, as well as offer training to enable mixed
cropping farmers to maximize their yields and enhance their livelihoods. Furthermore,
there is a pressing need for the Ministry of Agriculture to partner with the Federal
Ministry of Environment. This collaboration should aim to promote sustainable
agricultural practices among mixed cropping farmers. Encouraging the adoption of
organic farming techniques can help improve soil fertility and mitigate environmental

degradation.

The study has brought to light a troubling trend characterized by a growing
consumption of ultra-processed foods, which often lack essential nutrients and
contribute to a range of health issues (see Table 6.3). Most of the respondents
expressed their intention to consume more ultra-processed foods as their income

increases.

The study recommends that the Federal and State Ministries of Education, Agriculture,
and Health collaborate to establish a nationwide program dedicated to nutritional
education which emphasizes the benefits of consuming minimally processed foods and
highlight the risks associated with excessive consumption of highly processed foods. It
is imperative to launch public education and awareness campaigns using diverse
communication channels, including television, radio, social media, and community
events, to effectively reach a broad audience. Also, there is a need for stricter
regulations governing media and advertising, especially concerning the promotion of
highly processed foods. Additionally, NAFDAC (National Agency for Food and Drug
Administration and Control) should take steps to implement transparent and easily
comprehensible labelling systems that clearly indicate the level of processing in food
products. This will enable consumers to readily distinguish between highly processed

and less processed food options.

Promoting the consumption of minimally processed foods through nutritional
education represents a pivotal measure in advancing public health and alleviating the
burden of diet-related diseases. This policy recommendation underscores the
significance of equipping individuals with the knowledge and tools required to make

informed dietary choices. By implementing these strategies, we can empower
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consumers to prioritize healthier, traditional foods over highly processed alternatives,

ultimately contributing to enhanced overall health and well-being.

The Ministries of Agriculture and of Land and Urban Development should prioritize
policies that support sustainable farming, and forest conservation that not only focuses
on wildlife protection but also the livelihood of the community dependent on it. This
can be achieved through training, technical assistance, and facilitating access to organic
resources. In line with the outcomes of the FGDs, forest conservation policies should
not only focus on safeguarding wildlife but should also consider the well-being of

communities reliant on these forests.

Promoting community-based forest management that empowers local communities to
actively participate in, and benefit from, efforts to preserve forests, and equitable
revenue-sharing mechanisms should also be established to create economic incentives
for communities to engage in forest protection. For effective implementation of
sustainable forest management policies, the Ministry of Agriculture should foster
collaboration among relevant government departments, local communities,

environmental organizations, and agricultural associations.

The findings from FGD emphasize the importance of the Federal Ministry of
Environment, in collaboration with state environmental protection agencies,
establishing platforms for ongoing dialogue and knowledge exchange. These platforms
should address emerging challenges and opportunities in organic farming and forest
conservation. Furthermore, the Ministry of Environment should design tailored training
programs for farmers, forest communities, and government officials to enhance their
capacity in organic farming techniques and forest conservation practices. By
implementing these policies and measures, policymakers can significantly contribute to
a more sustainable and resilient agricultural sector, the preservation of invaluable
natural resources, and the improvement of the livelihoods of forest-dependent
communities. This will ultimately create a healthier environment that benefits

everyone.
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5. There is need for caution in promoting monocropping and agrochemical use, and the
importance of preserving traditional knowledge to ensure food system resilience and
sustainability. Preserving traditional knowledge is vital to ensuring the resilience and
sustainability of the food system. Taking a system thinking approach, which considers
the interconnectedness of environmental sustainability, economic viability, and social
equity in interventions, is essential when addressing the challenges faced by the
Nigerian food system. This is especially crucial in addressing concerns related to the
potential negative impacts of monocultural practices resulting from commercial seed
programs and the widespread use of chemicals (see Figures 7.3, 7.8 and 7.9). As such,
it is imperative for the Ministry of Agriculture and researchers involved in food system
interventions to conduct comprehensive assessments of the policy effects on the food

system's sustainability.

6. The action plan of the government, communities and people should involve treating
the components of the food system as a package. Thus, the root drivers and
importantly their cause variables derived from the CLD in Chapter 7, should be explored
to reduce or limit the variables with limiting impact on the desired variable and improve

the ones with positive impact on the desired variable.

8.3 Community-Led System Change Recommendations for a Sustainable Food System
These recommendations are not policy recommendations which needs the intervention of

government bodies, but actionable practices and changes that communities, local groups,
and stakeholders can use to improve biodiversity, food security, local knowledge, and build

resilience in the food system based on the outcome of this study.

1. Farmers should be encouraged to adopt mixed cropping systems to improve soil health
and biodiversity, employment, income, and dietary diversity through production of diverse
food types. To do this, communities can offer local field schools, host local seed fairs, or

demonstration plots to share knowledge and best practices on mixed cropping.

2. To strengthen local seed systems and sovereignty, there is ned to promote seed saving,
seed banks, and farmer-to-farmer seed exchanges within and between local communities.

This can be done be enacting and reviving traditional seed planting festivals and storytelling
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rituals that is focused on preserving seed knowledge. Celebrating traditional rites that pays
tribute to different planting seasons or ancestral seed spirits or guardians in educational

platforms can be used to strengthen the seed systems.

3. Implementing training programs and farmer field schools on composting, natural pest
control, and low-input techniques is needed to support organic and agroecological farming.
Local demonstration plots to model agroecological practice that mix learning with cultural
celebration through seasonal agricultural festivals or community-wide workshops can be

implemented to boost agroecological practices.

4. To preserve and transmit indigenous knowledge, local communities and stakeholders
should be encouraged to collect and document oral histories, indigenous recipes, farming
calendars, and herbal uses of crops. Intergenerational knowledge transfer can be
promoted through establishing school gardens, and youth mentorship programs with

elders,

5. Community-based Forest and biodiversity should be supported to foster stewardship.
This can be achieved by encouraging sustainable use of forest resources through
community-managed forest programs, reviving sacred groves, and traditional forest

management rites and conservation rituals.

6. Farmer can be encouraged to establish and use cooperatives and labour groups to

provide credit for labour-intensive sustainable practices like mixed cropping.

7. Community nutrition weeks can be organized to include cooking demonstrations with
traditional foods to promote nutrition awareness. This can be done in partnership with
schools, women and youth groups, churches, and mosques for awareness workshops on

the importance of balanced diets and hidden hunger.

8. Households can be supported to improve food preservation through training on
preservation techniques like drying, fermentation, and construction of local silos. This can
also encourage value-added processing that can increase their income while reducing food

waste.
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8.4 Limitation of the study
The focus of this study is on the food security of households in Northeast Nigeria

considering the food system of this area. This study did not focus on the nutritional content

of food consumed or planted in this area.

The study investigated the food security situation of households using the DDS. Although
there are many indicators of food security, the study used DDS as it focused was on the

consumption of adequate quantity and quality of diverse foods.

One significant limitation of this study pertains to the extended duration of data collection,
which deviated from the initially proposed timeframe of three months. The unanticipated
disruption caused by the COVID-19 pandemic restrictions resulted in a prolonged data
collection period of approximately one year. The pandemic necessitated the employment
of additional enumerators, which incurred extra costs encompassing wages,

accommodation, mobile data, and phones to facilitate electronic data collection.

Furthermore, the intended training of enumerators for conducting focus group discussions
had not commenced prior to the pandemic's onset. The prohibition of gatherings during
the pandemic rendered face-to-face training impossible. So, the author had to opt for
online training while awaiting the pandemic's resolution. Only one refresher training
session was conducted in person with enumerators once pandemic restrictions eased. The
online training expedited the process, thereby reducing the training time that could have

further increased the data collection duration.

Additionally, the necessity to complete the study on schedule required the researcher to
return to the University of Reading after the long COVID 19 restriction, interrupting
fieldwork, to initiate the analysis of the previously collected household data. During this
period, stakeholder consultations were also conducted online to finalize the data collection

process.

Furthermore, the successful completion of this research relied heavily on the use of

specialized analytical software, VENSIM, and the development of expertise in its use.
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Initially, the study planned to utilize the student version of VENSIM. However, it soon
became apparent that the student version was inadequate for the required level of
analysis. Unfortunately, these resources were not readily accessible within the university.
To overcome this limitation, the researcher sought funding from the School to purchase
the full version of the software and to enrol in a three-month advanced VENSIM online

course. This strategic move greatly contributed to the successful completion of the thesis.

8.5 Contribution to knowledge
The goal of this study was to get researchers, policy makers, communities and the people

thinking about food and food related issues in a different way. It has always been bounded
under different disciplines and thought as - food production problems for the farmers,
crop, and animal scientists; nutritional and food related health problems for the dieticians
and food nutritionists; food preservation and food safety problem for the food scientists;
and a problem of food access, distribution, production efficiency, value chain, and
profitability of down and upstream food business for the food marketers and economists.
However, this study wants us to start thinking about food as a system with subsystems and
elements working together to create what we see. This study underscores the complexity
of addressing global food security and sustainability challenges and the need for a system
thinking approach to food system studies (Matchaya & Guthiga, 2023). The relationships
between the elements of the system are very important and determine the outcome of the
system. It starts us thinking about the very important thing about this system, that is the
nature of connections, relationships, interdependence of the element of the system and

then the emergence of the whole complex system.

In this study, the system thinking approach employed embraces a perspective that
considers food systems as intricate and interlinked networks consisting of various actors,
processes, and feedback loops as described in Cilliers (2000c). It placed a high priority on
understanding the dynamic relationships and interdependencies among components
within and between food production, consumption, and environmental factors. In contrast,
conventional reductionist methods often used in food security literature focus on isolated

elements or variables within the food system, such as specific food production practices,
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yields, or consumption patterns, often neglecting the crucial relationships that underpin

the system.

This study recognizes that activities and elements within the food system are
interconnected rather than isolated occurrences. Consequently, it delves into
understanding the causes and consequences of actions throughout the entire system,
highlighting the significance of understanding unintended consequences that can arise
from both direct and indirect relationships, as well as long-term impacts as described in
(Cilliers, 2002). In contrast, typical discipline-bound approaches used by most researchers
working on food security, although statistically robust, tend to concentrate on identifying
correlations and static relationships between variables without delving deeply into the
underlying causal mechanisms or feedback loops, potentially overlooking the nuanced

dynamics driving food system behaviour.

As highlighted in chapter 1, background to the study, this system thinking study promotes
interdisciplinary and transdisciplinary research, harnessing insights from diverse fields and
consulting individuals from agronomy, food science, system dynamics modelling,
agricultural economics, agricultural extension, and farmers outside the traditional
academic disciplines. It acknowledges that food systems are influenced by a multitude of
factors and necessitates collaboration among experts from various disciplines. In contrast,
existing literature reveals that many researchers working on food security and food
systems tend to be confined to their respective disciplines, thus limiting their

understanding of the intricate nature of food systems.

To capture the diverse perspectives and experiences embedded within food systems, this
research incorporated qualitative techniques, such as focus group discussions, mental
models, interrelationship diagraph, and stakeholder engagement. This qualitative
understanding complements the quantitative data used in this study, marking a departure
from the predominant reliance on quantitative data and statistical analysis seen in most
food security studies, which often neglect the human and social dimensions of food

systems.
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In essence, this study provides a more comprehensive and integrated framework for

studying food systems. The system thinking approach underscores the interconnectedness

of food system components and the critical role of causality and feedback. By embracing

system thinking, this research offers a holistic and more effective means of addressing the

complex and interdependent challenges of food security in our complex modern world.

Removal and Separate Publication of the food system simulation model:
Following the External and internal examiner's advice, Chapter 8 was be removed from the thesis.

It was developed into a separate manuscript which has been presented in the International System

Dynamics Conference (ISDC) 2025 and already sent out for publication in an academic journal.

8.6 Suggestions for further study

Adopting and applying this model to food systems research in various regions around
the world would be beneficial.

Examine how system knowledge contributes to the preservation of biodiversity,
including the development of a standardized measure for assessing social and natural
system history/knowledge.

Assess the significance of both food quantity and food quality in the context of food
security. This will require an interdisciplinary or transdisciplinary approach to weight,
quantify, or rank the importance of food quantity compared to food quality in
achieving food security.

Develop a simulation dynamic food system model that incorporates animal production
and consumption. This expansion should involve incorporating various species of
animals from the wild and farms into the diversity of foods already considered in the
study. It is essential to determine whether different animal varieties have nutritional
impact compared to crop varieties.

Investigate food systems for food security, specifically comparing monocropping,
mixed or intercropping, and various sustainable farming systems such as biodynamics
or permaculture. These sustainable farming systems differ from the mixed cropping
method described in this study.

Explore household preferences for forest-derived foods versus farm-produced foods.
Participants in the Focus Group Discussions (FGD) and stakeholders involved in the

modelling have indicated that wild foods, crops, and animals have superior taste
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compared to their farmed counterparts, especially the improved and hybrid varieties.
Conducting a detailed research study on these preferences will be valuable for

planning interventions in the food system.
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Appendices
1. Food System and Food Security Household Questionnaire
Enumerator number

Local government number

HOUSEHOLD NUMBER

Household size

Household with children below 18

o=

3) Gender of the household head
Male

Q
O Female

Age of the household head
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Marital Status of the household head
Married/living together

single

separated

The highest educational qualification in your household

O first school leaving O

O level

O NCE/OND
first degree/HND
post graduate O

No education

How many years did the household head spent in formal education

Number of persons in the household with paid employment
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Years of farming experience

Primary occupation of the household head

O Civil servant
O student
unemployed O

trader

O

artisan

O

farmer

O Private
sector O

unemployed
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Secondary occupation of the household head

O Civil servant
O student
unemployed O

trader

O

artisan

O

farmer

O Private
sector O

unemployed

In the last 24 hours what did your household eat for

Breakfast, snacks, lunch, snack, dinner, snack

breakfast, snack, Lunch, snack dinner, snack

Cereal - corn/maize, rice, wheat, sorghum, millet or any other grains or foods made from these (e.g.

*

bread, noodles, porridge or other grain products)

O

Yes

277



O

No

how many days in the last 7 days did your household consume cereal

white root and tuber -white potatoes, yam, cassava, or other foods made from these roots (e.g. alibo,

garri, fufu, tuwo)

O

Yes

O

No

how many days in the last 7 days did your household consume white root and tuber

Vitamin A rich vegetables and tubers- pumpkin, carrot, squash, or sweet potato that are orange in

colour inside + other locally available vitamin A rich vegetables (e.g. red/ yellow sweet pepper,)

O

Yes

O

No

how many days in the last 7 days did your household consume Vitamin A rich vegetables and tubers
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Dark green leafy vegetables - dark green leafy vegetables, including wild forms + locally available

*

vitamin A rich leaves such as Amaranth, cassava leaves, yakwa/zogole (Moringa), fluted pumpkin,

pumpkin leave, garden egg leave,utazi, okazi, bitter leave, oziza, spinach, Ayoyo, oha, Uturukpa.

O

Yes

O

No

How many days in the last 7 days did your household consume Dark green vegetables

Other vegetables - other vegetables (e.g. tomato, onion, eggplant, garlic) + other locally available

*

vegetables

O

Yes

O

No

How many days in the last 7 days did your household consume other vegetables
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Vitamin A rich fruits - ripe mango, cantaloupe, apricot (fresh or dried), ripe papaya (pawpaw), dried

peach, and 100% fruit juice made from these + other locally available vitamin A rich fruits, palm fruit,

palm oil,

O

Yes

O

No

How many days in the last 7 days did your household consume Vitamin A rich fruits

Other fruits - other fruits, e.g. debino, gingiya, including wild fruits and 100% fruit juice made from

*

these

O

Yes

O

No

How many days in the last 7 days did your household consume other fruits
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Organ meat (offal) - liver, kidney, Intestine, heart or other organ meats or blood-based foods

Q Yes
O No

How many days in the last 7 days did your household consume organ meat

Flesh meats - Beef, pork, lamb, goat, rabbit, game, turkey, guinea fowl, chicken, duck, other birds, and.

insects (termites, locust, crickets).

O Yes
Q No

How many days in the last 7 days did your household consume flesh meats

Eggs - Eggs from chicken, quail, duck, guinea fowl or any other egg

O Yes
O No

How many days in the last 7 days did your household consume eggs
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Fish and seafood - Fresh or dried fish or shellfish, crayfish, prawns, lobster, crab, shellfish and other

sea foods

() Yes
O No

How many days in the last 7 days did your household consume Fish and sea foods

Legumes, nuts and seeds - Dried beans, dried peas, palm kernel nut, beniseed, lentils (pigeon pea),
nuts, walnut, Ukwa (African bread fruits), Barbara nut, groundnut, Aya seed, seeds or foods made from these

(e.g. moi-moi, akara, Kunu gida, peanut butter)

O Yes
O No

How many days in the last 7 days did your household consume legumes, nuts and seeds

Milk and milk products Milk, cheese, yogurt or other milk products like nunu or fresh milk

O Yes
O No
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How many days in the last 7 days did your household consume milk and milk products

Oil and fat - Margarine, butter, vegetable oil, bleached palm oil, beniseed oil groundnut oil, olive ail,
sunflower oil etc.

O Yes
() No

How many days in the last 7 days did your household consume oil and fat

Sweets, Sugar cane - sugar, honey, sweetened soda or sweetened juice drinks, sugary foods such as
chocolates, candies, cookies and cakes

O Yes
O No

Spices, condiments, Beverages - Black pepper, salt, condiments (soy sauce, Maggi cube, Royco cube,

Knor, Jumbo, Ajino moto, hot sauce, Uda, and other local spices etc.), coffee, tea, alcoholic beverages

O Yes
() No

How many days in the last 7 days did your household consume spices, condiments and Beverages
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Ultra-processed foods- Soft drinks, Packaged bread, puffpuff, buns, Chips, Candy, ice cream, cup cake, Instant

noodles, Infant formula, Breakfast cereal, Energy bars, Flavored yogurt, Chicken nuggets, Fast food burgers, hot
dogs

O ves
O no

If you ate ultra-processed foods, how much in naira did you spend buying it

What is the reason for Ultra-processed food consumption instead of traditional foods

D always available

D nutritious and tastier

D its classy to eat it D

convenient

l:] cheap

| will eat Ultra-processed foods often, if | have the money

) ves
() o
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Did you or anyone in your household eat any food OUTSIDE the home yesterday

Q Yes
O No

How many meals did you eat out in the last one week

if yes where did the person eat from

D street food
l:] Restaurant
l:] local food kiosk

D food relief/ aid project

D others, specify

What is the primary source of your food?
O Own production, gathering, hunting, fishing O
Purchased

Q Borrowed, bartered, exchanged for labour, gift from friends or relatives Q

Food aid

O other, specify
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what Farming system do you practice?

O Crop farming O
livestock farming O

mixed farming

What Crop farming system do you practice?

O monocropping

O mixed cropping

how many crop species did you plant

iYam, cassava, cowpea, rice, maize =5

how many varieties of yam, beans, groundnut and cassava do you produce in your farms

white yam, tree leave yam and water yam plus small white bean and iron bean = 5 white yam,

ivellow.yam, water yam =3, vellow.maize. white maize = 2..50..ans.-5

List crop species you planted in the last one year
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what is the main source of your planting materials

O own stored from previous harvest O

seedling from breeding companies

Q buy from neighbours or farmer in local market

Total cost of planting materials per annum

Total farmland owned by the household in plots

the one under fallow and the one under cultivation

how many plots did you farm Crop in 2019.........cccceevveeeicieeeeeirreeenns ( number of plots (50ft x 100ft))

how many plots did you farm in 2018

How many plots did you crops in 2017
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What kind of crop do you produce?

l:] Vegetables and fruits

D ornamental plants [:‘

Plantation crops

D food crops D

cash crops

Under-utilised crops

Which under-utilised crop do you have

|| ogbono
[ ] yambean
[ fiofio

[ ] cocoyam

Group

How many breeds of Pig do you keep

Landrace, Largewhite, and Localbreed =3

How many breeds of Cattle do you keep

288



How many breeds of Poultry do you keep

How many breeds of Sheep and Goat do you keep

Number of Pigs in the farm

Number of Cattle in the farm

Number of Poultry in the farm

Number of Sheep and Goat in the farm

Number of of Bee hives do you keep
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What type of animal do you keep

O Both exotic and local

What production system do you use
O fully Automated
O semi-automated

O complete manual handling

What is the distance between you home and farm in KM

where do you sell you produce

O At farm gate

O harvested and taken to the market O

harvest and process before sale
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What is the distance to the closest accessible forest from home in KM

Do you get some of your food from the forest

OO

What type of food do you get from the forest

D Bush meat
l:] Vegetables and fruitsl:]

Mushroom

How many time in a month do you go to the forest to search for food

Do you sell forest products

OO

How much do you realise from the sale of the forest harvests
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Do you buy forest foods

OO

how much do you spend buying forest product in a year

How much of your forest food harvest do you sell
O <1%

O 1-20%

Q 21-40%

O 41-60%

() 61-80%

Q 81-100%

What forest food do you buy

D Bush meat and wild fish

D vegetables and fruits D

Mushroom

Group
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Labour in person days per plot for Clearing

Cost of Labour in person days for Clearing

Labour in person days per plot for Tilling

Cost of Labour in person days for Tilling

Labour in person days per plot for Planting

Cost of Labour in person days for Planting

Labour in person days per plot for Weeding

Cost of Labour in person days for Weeding
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Labour in person days per plot for Harvesting

Cost of Labour In person days Tfor Harvesting

What is the total number of labourers need/plot/annum

What is/are the source of your labour

D family member

l:] voluntary service

l:] hired labour

how many person day did your family put in your farm during the last season
If a family of 5 worked for 3 days in the farm, the answer is 5x3=15

Farm labour is available

O always
O often
O rarely
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what method do you use for cultivation

O tractors machines

O animal traction
O manual labour

O tractors machines and manual labour

How much do you spend on tractors and agrochemicals/plot

Clearing

Tilling

Planting

Weeding

Harvesting

Tractors
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Agrochemicals
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Group

How much do you spend on tractors/plot for Clearing

How much do you spend on agrochemical/plot for Clearing

How much do you spend on tractors/plot for Tilling

How much do you spend on agrochemical/plot for Tilling

How much do you spend on tractors/plot for Planting
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How much do you spend on agrochemical/plot for Planting

How much do you spend on tractor/plot for weeding

How much do you spend on agrochemical/plot for weeding

How much do you spend on tractor/plot for Harvesting

How much do you spend on agrochemical/plot for Harvesting

how much is your average total household income/month

how much is your Total farm income/year

how much is your average household total expenditure/month
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how much is your household Food expenditure /month

Group

How much of your household Vegetable and Fruits consumption is from your farm

<1%
1-20%
21-40%
41-60%
61-80%

81-100%

OO0O000O0

I

ow much of your household Grain consumption is from your farm
<1%

1-20%
21-40%
41-60%
61-80%
81-100%

000000,
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How much of your household Root and Tuber consumption is from your farm
<1%
1-20%
21-40%
41-60%

61-80%

O 81-100%

0000

What share of your farm produce do you sell

O <20%
() 20-50%
() 51-80%
() 81-100%
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What share of all your produce do you consume
half

more than half

all

none

Less than half

OO000O0

What share of all your household foods consumption do you produce
half

more than half

all

none

Less than half

OO000O0O
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2. Validation of Sustainable Food Security Policy Trust

Focus Group Discussion guide for food security and sustainable development policies.

Rate these policies in a 5-point scale with 1 being -ineffective, 2- slightly effective, 3- moderately
effective, 4- effective and 5 very effective in the following key areas of development.

How do you rate the effectiveness of these agricultural development policies in achieving these
key sustainable development goals and why?

Policies

Key sustainable Development Goal

Food
price
stability

Access to/
Availability of
diversity of food

for improved
nutrition of
households

Biodiversit
y/
improved
environme
nt benefits

Increase
employm
ent for
the poor
farmer

Improve
d sail
health

Increase
income
for poor
househ
olds

Fortification of
food crops with
vitamins and
micronutrient, and
animal  through
breeding
programmes

Creating balance
diet awareness in
schools and social
gatherings

Strategic national
food reserve

School feeding
programme

Increasing  food
production by the
use of
agrochemicals and
tractors  quality
control and testing

Increase focus on
Forest foods

Encouraging
organic farming

Supporting small
farmers mixed
farming/cropping
system with credit
and labour
subsidies
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Supporting large
scale and
specialised
farming

Promoting
commercial seeds
to farmers

Allocation of 10%
of Nigerian land to
nomadic
pastoralists

Others, specify
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Food System Feedback Loops
The first 50 feedback loops leading to food security are listed to show the different

interacting feedback routes that leads to a decrease or increase in food security. To study

the relationships in the food system for the purpose of achieving a sustainable food

security, the feedback loops for food security where extracted. The first 50 loops in

achieving food security had 33 balancing loops and 17 reinforcing loops.

First 50 loops of food
security
Loop 1 of length 6@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
food expenditure

Loop 2 of length 8 @

food security level
Health and nutrition
birth

population

available labour force
farm labour

wage

household income
food expenditure

Loop 3 of length 11a

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedlings from seed
companies

seeds preserved

crop planted/animal
kept

food harvested from
farm

food harvest consumed

Loop 4 of length 11@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving

household non-farm
investments
Education, experience,
and skill training

labour productivity
food harvested from
farm

food harvest consumed

Loop 5 of length 11 a

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies
Agrochemicals and
tractors

soil quality

food harvested from
farm

food harvest consumed

Loop 6 of length 11@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies
Agrochemicals and
tractors

biodiversity

forest foods

forest food consumed

Loop 7 of length lla

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies
Agrochemicals and
tractors

monocropping system
Food for other use-
ethanol, animal feeds
food harvest consumed

Loop 8 of length lla

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies

seeds preserved
biodiversity

forest foods

forest food consumed

Loop 9 of length 12@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm

input

Seedling from seed
companies
Agrochemicals and
tractors

monocropping system
crop planted/animal
kept

food harvested from
farm

food harvest consumed
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Loop 10 of length 12 @-ve

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in  farm
input

Seedling from seed
companies

seeds preserved

crop planted/animal
kept

food harvested from
farm

Food for other use-
ethanol, animal feeds
food harvest consumed

Loop 11 of length 12@-ve

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies
Agrochemicals and
tractors

soil quality

food harvested from
farm

food lost

food harvest consumed

Loop 12 of length 12a

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving
household non-farm
investments

Education, experience,
and skill training

labour productivity
food harvested from
farm

Food for other use-
ethanol, animal feeds
food harvest consumed

Loop 13 of length 125

food security level
Health and nutrition
available labour force

farm labour

wage

household income
household saving

household non-farm
investments

land holding

land for agriculture
biodiversity

forest foods
forest food consumed

Loop 14 of length 12@-ve

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies
Agrochemicals and
tractors

soil quality

food harvested from
farm

Food for other use-
ethanol, animal feeds
food harvest consumed

Loop 15 of length 12@-ve

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies

seeds preserved

crop planted/animal

kept

food harvested from
farm

food lost

food harvest consumed

Loop 16 of length 12@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies

Loop

Loop

Loop

Agrochemicals and
tractors

soil quality

food harvested from
farm

processed foods
processed
consumed

17 of length 12@
food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm

foods

input

Seedling from seed
companies
Agrochemicals and
tractors

mixed farming and

mixed cropping system
crop planted/animal
kept

food harvested from
farm

food harvest consumed
18 of length 125
food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in  farm
input

Seedling from seed
companies
Agrochemicals and
tractors

biodiversity

soil quality

food harvested from
farm

food harvest consumed
19 of length 12;TJ
food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving
household non-farm
investments

land holding

land for agriculture
monocropping system
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Food for other use-
ethanol, animal feeds
food harvest consumed

Loop 20 of length 125

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving
household non-farm
investments

Education, experience,
and skill training

labour productivity
food harvested from
farm

food lost

food harvest consumed

Loop 21 of length 1ZE

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in  farm
input

Seedling from seed
companies
Agrochemicals and
tractors

soil quality

biodiversity

forest foods

forest food consumed

Loop 22 of length 12a

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies

seeds preserved
biodiversity

soil quality

food harvested from
farm

food harvest consumed

Loop 23 of length 125

food security level
Health and nutrition
available labour force
farm labour

wage
household income
investment in farm
input

Seedling from seed
companies

seeds preserved

crop planted/animal
kept

food harvested from
farm
processed foods
processed
consumed

foods

Loop 24 of length 12@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving
household non-farm
investments

Education, experience,
and skill training

labour productivity
food harvested from
farm

processed foods
processed
consumed

foods

Loop 25 of length 12@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm

input

Seedling from seed
companies
Agrochemicals and
tractors

mixed farming and

mixed cropping system
biodiversity

forest foods

forest food consumed

Loop 26 of length 12@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm
input

Loop

Loop

Loop

Seedling from seed
companies

Agrochemicals and
tractors

monocropping system
biodiversity

forest foods

forest food consumed
27 of length 13a
food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm

input

Seedling from seed
companies
Agrochemicals and
tractors

mixed farming and

mixed cropping system
crop planted/animal
kept

food harvested from
farm

processed foods
processed
consumed

28 of length 135
food security level
Health and nutrition
death

population

available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies

seeds preserved

crop planted/animal
kept

food harvested from
farm

food harvest consumed
29 of length 13a
food security level
Health and nutrition
birth

population

available labour force
farm labour

wage

household income

foods
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investment in  farm
input

Seedling from seed
companies
Agrochemicals and
tractors
monocropping system
Food for other use-
ethanol, animal feeds
food harvest consumed

Loop 30 of length 135

food security level
Health and nutrition
birth

population

available labour force
farm labour

wage

household income
investment in  farm
input

Seedling from seed
companies

seeds preserved

crop planted/animal
kept

food harvested from
farm

food harvest consumed

Loop 31 of length 13@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in  farm

input

Seedling from seed
companies
Agrochemicals and
tractors

monocropping system
crop planted/animal
kept

food harvested from
farm

processed foods
processed
consumed

foods

Loop 320f length 135

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving

household non-farm
investments

land holding

land for agriculture
mixed farming and
mixed cropping system
crop planted/animal
kept

food harvested from
farm

food harvest consumed

Loop 33 of length 13@-ve

food security level
Health and nutrition
death

population

available labour force
farm labour

wage

household income
investment in farm
input

Seedling from seed
companies
Agrochemicals and
tractors

biodiversity

forest foods

forest food consumed

Loop 34 of length 13a

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving
household non-farm
investments

land holding

land for agriculture
biodiversity

soil quality

food harvested from
farm

food harvest consumed

Loop 35 of length 13L_J

ODDO9HD HHHHDHDHHO

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from  seed
companies

seeds preserved
biodiversity

soil quality

n
n
n

food harvested from farm
processed foods
processed
consumed

foods

Loop 36 of length 13 ')

D99 9 9999999999

n

food security level
Health and nutrition
birth

population

available labour force
farm labour

wage

household income
household saving

household non-farm
investments
Education, experience,

and skill training

labour productivity

food harvested from
farm

food harvest consumed

Loop 37 of length 13E

DOO99 9 99999999

n

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies
Agrochemicals and
tractors

monocropping system
crop planted/animal kept
food harvested from
farm

food lost

food harvest consumed

Loop 38 of length 13@-ve

S5 HH H HDODHDHHDHDHHHOHO

food security level
Health and nutrition
death

population

available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies
Agrochemicals and
tractors

soil quality

food harvested from
farm

food harvest consumed
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Loop 39 of length 13@

food security level
Health and nutrition
available labour force
farm labour

wage

household income
household saving
household non-farm
investments

Education, experience,
and skill training

labour productivity

food harvested from
farm

processed foods
processed foods sold
processed foods
consumed

Loop 40 of length 135
food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies
Agrochemicals and
tractors

biodiversity

mixed farming and mixed
cropping system

crop planted/animal kept
food harvested from
farm

N food harvest consumed

Loop 41 of length 13a
food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies

seeds preserved
biodiversity

mixed farming and mixed
cropping system

crop planted/animal kept
food harvested from
farm

0 food harvest consumed

Loop 42 of length 13a
0 food security level

9D D9 9 99999999 D999 99 H HHHHH9999

D9 9999 H9HD999999

DHDO99999

2999 99 9

Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from  seed
companies
Agrochemicals and
tractors

soil quality

food harvested from
farm

processed foods
processed foods sold
processed foods
consumed

Loop 43 of length 13@

29

DHDOO9D9HD9 9 999999

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from  seed
companies
Agrochemicals and
tractors

monocropping system
Deforestation
biodiversity

forest foods

forest food consumed

**Loop 44 of length 13a

L

DHOHYHDHOD999G 9995 99D H9H59999599

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies

seeds preserved

crop planted/animal kept
food harvested from
farm

processed foods

food lost

food harvest consumed

op 45 of length 13@-ve

food security level
Health and nutrition
death

population

available labour force
farm labour

wage

L

DHO9HD 9 HO9H99HD99HD9HO99D5 9 HH9 H 99O

household income
investment in farm input
Seedling from  seed
companies
Agrochemicals and
tractors

monocropping system
Food for other use-
ethanol, animal feeds
food harvest consumed

op 46 of length 135

food security level
Health and nutrition
birth

population

available labour force
farm labour

wage

household income
investment in farm input
Seedling from  seed
companies
Agrochemicals and
tractors

biodiversity

forest foods

forest food consumed

**Loop 47 of length 13a

O 99999999

L

D9 9 HHDO9D9D99995 999 99

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from  seed
companies
Agrochemicals and
tractors

soil quality

food harvested from
farm

processed foods

food lost

food harvest consumed

op 48 of length 13a

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input
Seedling from seed
companies
Agrochemicals and
tractors

monocropping system
Deforestation
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S 99

soil quality

food harvested from
farm

food harvest consumed

Loop 49 of length 13@-ve

DHOOD9HDHDD 99999999

food security level
Health and nutrition
available labour force
farm labour

wage

household income
investment in farm input

Seedling from seed
companies

Agrochemicals and tractors
biodiversity

soil quality

food harvested from farm
food lost
food harvest consumed

Loop 50 of length 13:H)-ve

DDOHD9HDD 99999999

food security level

Health and nutrition
available labour force

farm labour

wage

household income
investment in farm input
Seedling from seed
companies

seeds preserved
biodiversity

soil quality

food harvested from farm
Food for other use- ethanol,
animal feeds

food harvest consumed
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4. Causal/Feedback Loops Participants’ Mental Models of Food System of Northeast Nigeria

Emergency
Preparedness
Risk Management
Resilience Building

Farming Practices:
-Crop Diversification

Environmental
Sustainability:
-Conservation Practices
-Climate Resilience
-Sustainable Resource Use

Post-Harvest

-Livestock Management _— Management:
-Pest and Disease - \/ —ISDtorage.
Management -Processing
- Agrogecology Enviromnetal -Transport
/ sustainability,
ﬁoffi.Uﬁézzaﬁ:’_n: Food Sustalanble Econonic ?;I?gikl\j:\ ;::tcsess’
utrition Education : T

securit viability ‘

Food Utilization v food system Value Chains

Food Safety

Production Factors:
Land Use

Water Resources

Seed Quality

Soil Health

Labor

7

Decent labour

Input Management:
Agrochemicals
Tools and Equipment

Organic Practices

Pricing Policies

- Socioeconomic
Factors:
Education and Training
Credit and Financing
Gender Inclusion

Community and Institutional
Support:

Extension Services

Cooperatives

Government Policies
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An Agricultural Extension Agent’s Mental model of the food system of Nigeria

Farming experiences / Having the knowledge on how to
cultivate many crops

l

l

v A 4

!

Cooking Good Soil Household N Skill and Food for
Skill Income Education Traditional Rites
l l acquisition l
Seasonality Crop planted Soil fertility Sell cash crops Forest food
of different || & Jivestock management for money. x
foods for food and l -
income. l Communit
l ~ A 4 - Plant & Animal y support
l / Access to credit for Medicine and
and resources, network

Differences in tastes of
Traditional/local seeds
and improved variety

Investment
in farm Input

v

Seedling from seed
Companies, —n
Research Institute

Farmland

Market access

v

A

Food storage, Mills
for Food Processing

Marriage

—| Health and
Nutrition

for more

\ 4

A

Traditional Title & Social
Status of Farmers. Food
rituals and ceremonies
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A food system Mental model of a small-scale mixed crop farmer- (1.5ha of land) with 5 goats, 21 chicken.

Food Availability
l

Agricultural Production
farm practices, harvest,
farm labour

Food Access

v

Economic Access
-household income
-Farm labour
-sourcing seed
-food expenditure

Food Utilization

Nutrition and Diet Quality
-Healthy population

-Food harvest

-Food diversity

1 1

Land Use - farm
size, soil fertility, ( '
fertilizers. changing climates.

Physical Access

-Distribution

-Home garden and own farms
Security of lives and propertied in
farms

Food Safety
-Agrochemicals
-Food hygiene
-Food storage

-Adequate food quality

Stability
|

L

Climate and Weather Conditions-
rain, irrigation, hybrid seeds to suit

Economic Stability
-Household income
-Seasonality of farm produce
and labour wage

Environmental
Sustainability
-Sustainable farming
-Resilient seed

-Skill training -Improved seeds
-Off farm jobs -Biodiversity
-Investment -Crop and animal
-Subsidies diversity.
Food Distribution Systems
L L
Supply Chains/ Logistics and

Value chain

Transportation

Institutional and Policv Frameworks

1

L 1

Agricultural Trade Land Tenure
Policies Policies Systems
Community and Social Elements
1 1

Community Support
Systems

Education and
Awareness

Farm gate sales, Middlemen,
Retail Networks

Market system-
Functioning of local,
regional, and national
markets

Food Processing and
Storage

-food loss
-seasonality

Policy and Governance
-Effective agricultural
policies and food security
programs

L L

!

Research and
development.

1

Cooperatives and Farmer

Organizations

An Agricultural Economist Mental model of the food system of Nigeria

Water Resources- water for planting,
for preparing food fish and other
food from the water

\

Food Price

-price stability

-Food Storage facility
-Food loss

Cultural
acceptability
-Food culture

Social Stability
-Religious and
social conflicts, and
migrations

Food Assistance
Programs
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Agricultural Production

! v v v v

Crop Crop Soil Health ~ Water Pest and Disease

Agricultural Practices

v v v

Sustainable Farming Practices Use of Agrochemicals  Technological
Post-Harvest Handling
v v v
Storage Processing  Transnortation Food lost and waste
Market Access T
v
Market l Pricing Mlechanisms Trade Policies

FEconomic Factors

v v

Income levels Credit Access
Socio-Cultural Factors
v '
Dietary Preferences Education and Training
Environmental Factors
Climate Biodiversity Land Use
Policy and Governance
Agricultural Land Tenure Support
Nutritional Aspects ¢ ¢
Food Quality and Food Distribution
Community Resilience 1
Disaster Social Safetv Nets
Soil Health and Quality !
Soil Fertiiity oil Structure 1 Erosion & ' Water Management
Water Management ¢ l
Water Water Quality  yyater
Nutrient Management | |
Fertilization Nutrient

~

Crop Management

Crop Rotation Cover Mixed

Land Use and Management ¢

v
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Land Use Tillage Agroforestr

Agrochemical Use ' |

Pesticides and Fertilizer Application

v . y

Conservation Agriculture  Organic Regenerative

Sustainable Practices

Climate Resilience
v

Adaptation Strategies  Carbon Sequestration

Socio-Economic Factors
' | L

Farmer Knowledge and Access to Resources Market Access

Policy and Governance

+ L
Regulations Support
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An Agronomist Mental Model of the Food System of Northeast Nigeria

Seed Preservation and Sourcing
Crop and Seed——> Seed Selection ——= Seed from seed companies
Management for planting /

l a _— Land and Soil

) reparation
Pest and Disease Management PIep /
(seed and soil treatment for pest)

and diseases)

»

//' Soil Health and Fertility

Soil Testing and Fertility  Fertjlizer application ——» Erosion

Management
Y W
. ter
Water Irrigation Rainwater 2 :
. Conservation
Management — - )

T' Systems Harvesting Practices
Tractor ?eatl.th a_“‘? ngety/ d Fair Wages and
hiring/Farm labour {lea ng 11/1_]}111 HZS al,l Employment
and labourers tiinesses /herders

Agrochemical o — Pesticides Herbicides
Management Fertilizers
Technology and
Innovation Precision —— Data Management
Mechanization Agriculture
v
Post-Harvest Storage and Processing — Transportatio
Processing Storage Units
Facilities
Supply Chains
kl froIr)lIl) f{u‘m gate Financial Management
Market Accessand h N > Access to credit
Economics to the retailers

Market Information

v Knowledge and skill
/‘ acquisition \ Food preparation

Farm revenue/ off and consumption

P .
arm income \ Food from farm /V

| Food purchased.
Community and Social Aspects
Community Engagement
Farmers organisation

Cultural
ceremonies/
—  Social Responsibility traditional rites

Mental model of a Large-scale farmer- (54 ha) with 74 cows, 70 sheep and goats, 260 guinea fowls, 4 ostriches, 15
peacock
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Food

| » Agricultural Production

v

Food
Acces

Food

Types of
Crops 1nd

!

<— Farming practices (e.g.,
monocropping, mixed

. »  Soil health

Seed Systems

- Seed preservation and biodiversity

- Access to seeds and seed sovereignty
- Use of genetically modified organisms

(GMOs)

\and fertility

Land Use and Tenure
-Land ownership and access rights
-Land use patterns and changes

-Deforestation and land degradation

Irrigation and
water

Use of agrochemicals
and organic farming

Labor and Employment

-Labor productivity and workforce
education

-Working conditions and wages

-Role of family labour vs. hired labour

Food Access

— -Distribution and Marketing

-Transportation infrastructure
-Market access and networks
-Role of local, regional, and
international markets
-Pricing and market stability

Economic Access

-Income levels and economic stability
Physical Access

-Transportation and infrastructure

Social Access

-Gender roles and equity in agriculture
-Community norms and values around food

-Dietary patterns and nu
-Dietary diversity

-Food preferences and cultural pr
sehold food security and access
socioeconomic status on food

\»

techniques

Food Processing and Value Addition
-Local food processing facilities

-Preservation and storage methods

-Value-added products and traditional processing

Health and Nu
-Community nutrition e
-School feeding programs
ic health interventions related

Food Safety an
-Hygiene and sanitatio
oodborne diseases and
ination risks

nd regulations for food

Environmental

nn acriciltiira

Technological Socioecono

mic Factors

preservation

Cultural and Social

Policy and Governance
-Agricultural and food policies
-Subsidies and support programs




A Food and Nutrition Scientist Mental model of the food system of Nigeria
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5. Food system Tree Diagram

(mixed farming and mixed cropping system)
(monocropping system)

crop planted/animal kept
(food harvested from farm)

~ seeds preserved
(Seedling from seed companies)
(Education, experience, and skill training) —* labour productivity
. food harvested from farm —+— farm produce. sold
(Agrochemicals and tractors)
(biodiversity)

soil quality
Deforestation

(mixed farming and mixed cropping system) >
(monocropping system)
(mixed farming and mixed cropping system) — +  organic fertilizer
(Agrochemicals and tractors)

(Deforestation)

(household non-farm investments)
land holding =+ land for agriculture
male headed household

biodiversity =+ forest foods —* forest food sold
(mixed farming and mixed cropping system)
(monocropping system)
(seeds preserved)
(soil quality)
(household income) —* household saving —+ household non-farm investments >
Education, experience, and skill training —+— off-farm activities
(off-farm activities)
(food harvested from farm) =+ processed foods —+ processed foods sold
(Education, experience, and skill training)

(Education, experience, and skill training)

food expenditure

food harvest consumed
food import food security level —+— Health and nutrition
forest food consumed available labour force

processed foods consumed

(Health and nutrition)
> birth wage
(population) population farm labour
(Health and nutrition) —= death
(crop planted/animal kept)
(Agrochemicals and tractors)
(biodiversity) mixed farming and mixed cropping system
(land for agriculture)

(Agrochemicals and tractors)
monocropping system
(land for agriculture)

household income

(Input subsidies)

(Seedling from seed companies)

Figure 7. 20 Agrochemicals and Tractors cause tree (Blue link= positive arrow. Red Links = negative arrow)

Input subsidies

investment in farm input = Seedling from seed companies

Agrochemicals and tractors
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available labour force =+ (farm labour)

forest food

(available labour force)
food security level Health and nutrition birth ———+—— population <
(birth)
death——=— (population)
food expenditure ———+——— (food security level)

(available labour force)

labour productivity ———+———(food harvested from farm)
Education, experience, and skill training
forest foods

(Education, experience, and skill training)
off-farm acnvities<
biodiversity

(household income)
household saving non-farm i (wage)
forest food sold ———+———household income

(biodiversity)

land for agriculture = (mixed farming and mixed cropping system)

land holding
(monocropping system)

land used for other purposes

/(Agrochemicals and tractors)
tin farm input Seedling from seed i

in farm input)

(seeds preserved)
(mixed farming and mixed cropping system)

(soil quality)

(biodiversity)
(farm labour)
Agrochemicals and tractors' crop planted/animal kept <
(food harvested from farm)
mixed farming and mixed cropping system (biodiversity)
Deforestation
) (soil quality)
farm labour wage income)

organic fertilizer ———+———(soil quality)

(biodiversity)

(crop planted/animal kept)

mol pping system! (D
(farm labour)

Food for other use- ethnol, animal feeds

food harvest consumed ———+——— (food security level)
(biodiversity)

farm produce. sold =+ (household income)
(Food for other use- ethnol, animal feeds)
(food harvest consumed)
food lost (food harvest
soil quality (food lost)
food harvested from farm
foods (food security level)
processed foods
(household income)
processed foods sold <
(processed foods consumed)
(biodiversity)

seeds preserved <

(crop planted/animal kept)

Figure 7. 21 Agrochemical and Tractors uses tree (Blue link= positive arrow. Red Links = negative arrow)
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