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Abstract
Countries in West Africa are adversely affected by climate change (erratic rainfall and
rising temperature) resulting in floods, desertification, drought and sea level rise. These
events are anticipated to have negative impacts on agricultural development on the
continent, ultimately, contributing to food insecurity and environmental degradation.
This implies that the production capacity of agrarian communities is unable to meet the
food demand of the growing urban population. Can sustainable and innovative urban
farming technology such as aquaponics achieve food security as well as sustainable
development in countries vulnerable to climate change? This study uses inferential
statistic to examine the plant growth performance in micro-scale aquaponics and
specific growth rate per day (SGR) for the fish growth performance vis-a-vis
conventional urban farming production. A quantitative analysis use to examine the
barriers to adoption based on survey of (five) urban aquaculture practitioners in Lagos,
Nigeria. Literature review was use to assess the economic feasibility of a small-scale
aguaponics system in developing countries based on Net-Discounted Benefit-Cost
Rate (DBCR). The results suggest that aquaponics can improve food security through
fish and vegetable production and it is likely that urban farming practitioners will adopt
the technology if support mechanism are in place. Aquaponics systems present a novel
opportunity to promote environmental conservation as well as sustainable food
production and consumption in urban areas in Western Africa if adequate financial

credit and knowledge transfer is provided.
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1. Introduction

Climate change, land degradation and desertification are adversely affecting arable
land, forest and coastal areas in urban and rural Africa (Olajide and Lawanson, 2014,
Elias and Omojola 2015; Nkrumah, 2019). Extreme climatic events (flood and drought)
due to climate change have increase in parts of sub-Saharan Africa in recent years
(Akande et al., 2017; Amanchukwu et al., 2015). For instance, in Nigeria floods are
most common due to increased durations and intensities of rainfall in the last three
decades (Akande et al. 2017). Rising sea level and ocean surge in Southern Nigeria
has submerged villages in Lagos and some places in the Niger Delta (Anabaraonye et
al., 2019). Other events such as drought, desertification, land degradation, biodiversity
loss, and pollution of freshwater resources are expected to be exacerbated in the future
due to climate change. For instance, desertification and land degradation in rural areas
is one of the reasons for rural-urban migration in Nigeria (Olagunju, 2015). Lagos,
Nigeria, receives six thousand individuals per day (Oxford Analytica, 2017). The high
level of internal migration has reinforced the process of land degradation and
desertification, leading to expansion of the urban sprawl and clearance of land and
vegetation to meet the housing and food demand of a growing urban dwellers (Ohwo
and Abotutu, 2015). Agriculture also contributes to land degradation and climate
change as the demand for food and non-food products in urban areas increases
(Satterthwaite et al. 2010; Louwagie et al. 2011). To meet this increasing food demand,
agricultural practices have changed significantly and induced profound alterations in
traditional socio-agro ecosystems (Satterthwaite et al. 2010; Louwagie et al. 2011).
Under the food production paradigm of the “green revolution”, new practices e.g. new
cultivars, over-fertilization, pesticides and hormones, and mechanization increased
farm productivity (Welch and Graham, 1999). However, this has also contributed to
environmental degradation of soil and water resources.

Conventional farming characterized by intensive agricultural practices involving heavy
use of fertilizers and pesticides and land degradation has negative consequences such
as poverty and food insecurity (Olsson et al., 2019).

Feeding an increasing urban population with less arable land while conserving the
environment as well as mitigating and adapting to climate change can be rather
challenging. Sustainable and innovative urban farming constitute a solution to food

production for urban population because they have the potential to deliver fresh and
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nutritious food, conserve resource (land and water), and alleviate poverty and the
environment (Aliyu & Amadu, 2017; Mbow et al., 2019).

A prime example of such sustainable and innovative urban farming is aquaponics.
Aquaponics not only broadens the prospects of urban farming but also promote
efficiency in the use of nutrients, water, energy, and space (Goddek et al., 2019).
Aquaponics offers a pragmatic solution to the challenge of food security for a growing
global urban population (Goddek et al., 2019). Furthermore, aquaponics is an ideal
embodiment of the Water-Energy-Food-Ecosystem (WEFE) nexus for developing
countries. However, aquaponics is under researched in regions of the tropical belt,
particularly in West Africa, a region with the highest rates urbanization, food insecurity
and unemployment (UN DESA, 2019; Benjamin et al. 2020).

A pilot project titled - Sustainable Aquaponics for Nutritional and Food Security in
Urban Sub-Saharan Africa (SANFU) was implemented in Lagos, Nigeria, from 2019 to
2020. This created the opportunity to research the potential of aquaponics to address
food security, socioeconomics and ecological challenges confronting urban areas in
West Africa.

This study aims to contribute to the debate on food security in urban areas of West
Africa through a review of plant and fish growth performance in an aquaponics system
compared to conventional urban farming. Furthermore, it gives an insight on
stakeholder’s perception on sustainable and innovative urban farming technologies.
This includes analyzing the barriers to aguaponics adoption among urban aquaculture
practitioners in Lagos, Nigeria. Overall, this study provides new perspectives on

sustainable and innovative urban farming and adoption in urban West Africa.

2. Background

2.1. A growing urban population: The road to Lagos

The global urban population growth in sub-Saharan Africa has shaped its human
development and natural landscapes over the last seventy years, particularly the rise
and expansion of cities such as Lagos, Nigeria. This megacity has grown from 305,000
in 1950 to 13.463 million inhabitants in 2018, and it is projected to reach 20.6 million
by 2030 (UNDESA, 2019). However, Lagos State is believe to currently have over 21
million inhabitants (FAO, 2017; Ogwu, 2019). This population growth rate is, in part,
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due to massive rural-urban migration and unprecedented economic growth, turning
Lagos into Nigeria’s economic hub (Elias and Omojola, 2015).

However, over 50 percent of Lagosians live below the poverty line ($1.9) hence are
disproportionally exposed to the negative externalities of urbanization (LSG, 2013).
These externalities includes malnourishment, undernutrition, limited green vegetation,
informal settlements, ineffective management of waste and wastewater, inadequate
access to water and sanitation. Furthermore, widespread use of generators by
households and businesses due to shortage of power supply result in greenhouse
gases (GHG) emissions. Thus, the city is plunged into food insecurity, poverty,

environmental degradation and high levels of air pollution (LSG, 2013).

2.1.1. The climate crisis: a further call for resilience
Lagos, Nigeria is vulnerable to climate change. Parts of the low-lying coastal city is
less than two meters above sea level (UN-HABITAT, 2011; Olajide, 2014). Climate
change and the consequent sea-level rise (SLR) are very likely to exacerbate
vulnerability further threatening the livelihoods of the growing urban poor population
(Adelekan, 2010; UN DESA, 2019). Women and children are often the most vulnerable
and bearers of the consequence i.e. malnourishment, undernutrition (Akerele, 2013;
Nkrumah, 2019; Mbow et al. 2019; Matemilola and Elegbede 2017; van Wesenbeeck,
2018). The occurrence of floods also has a devastating impact on the livelihoods of
the low-income communities in Lagos (Adelekan 2010; Sojobi, 2016). Flooding
abruptly interrupts economic activities especially urban farming. Low-income
communities and urban farmers especially aquaculturist in Lagos have experienced
flooding and economic losses (Oyebola et al. 2020). Projections of regional sea level
changes for low- (RCP?! 2.6) and high-emissions scenarios (RCP 8.5) predict a SLR
between 50 and 80 centimeters, respectively, by the end of the century in Lagos
(Oppenheimer, 2019). Such a rise is ‘very likely’ to be accompanied by a higher
frequency of extreme sea level (ESL) events, like storm surges and tides resulting in
flooding (Magnan, 2019). Ajibade (2016) argue that a combination of SLR and a single
ESL event in the low-elevation areas of Lagos could adversely affect millions of people

and have catastrophic consequences for businesses and infrastructures.

! Representative Concentration Pathways are scenarios that describe alternative trajectories for carbon dioxide
emissions
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Nevertheless, the risk of flooding in Nigeria has been primarily attributed to urban
development in wetland areas (UN-HABITAT, 2011; Adelekan, 2010; Sojobi, 2016).
This includes the destruction of mangroves that are natural buffers against coastal
floods as well as lack of proper drainage systems (UN-HABITAT, 2011; Adelekan,
2010; Sojobi, 2016). Extended dry periods lead to evaporation, ultimately, drought,
which causes plant failure and death of livestock. All this exacerbates the vulnerability

of Lagosians to climate change (Olajide, 2014; Adelekan, 2010).

2.1.2. Urban food (in)security

Food security is aggravated by climate change. Food security refers to availability
physical available; accessibility, economical and physical accessible; utilization,
nutritional physiological necessities; and stability, stable and sustained over time (FAO,
2008). Food accessibility is an intricate issue for urban dwellers, as they often rely on
regional and global supplies (Revi, 2014). Mbow et al. (2019) argue that the changing
climatic drivers are already impacting and will continuing to impact food security,
resulting in losses in yields and nutritional values of crops in tropical and sub-tropical
regions. Oyebola et al. (2020) found that flooding in 2012 caused losses of 29,972
metric tons of fish (-N- = naira) 239.8 million in fourteen states, including Lagos, Nigeria.
Likewise, small vegetable farmers have registered losses within Lagos State,
attributing their low yields on the heavy rains concentrated over a shorter period of time
(Aboyeji, 2015). The number of undernourished and food insecure individuals in
Nigeria has been on the increase in the last ten years (Development Initiatives, 2018;
Matemilola and Elegbede 2017).

Nigeria is a food-deficient nation and dependent on food imports of grains, livestock
products, and fish to meet internal demand (FAO, 2019). Less than 15 percent of the
food consumed in Lagos State is produced internally, while more than 50 percent of
the fish consumed is imported (FAO and ECOWAS, 2017; LSG, 2013). Consumption
of vegetables among low-income households in Lagos is estimated at 2.55 portions
per day compared to the world average of four portions per day i.e. 200 grams
(Raaijmakers et al. 2018 ). While animal protein intake in Lagos has been increasing
in recent years due to consumption of poultry meat, the average daily intake is low
according to international standards (FAO and ECOWAS, 2017). The estimated

consumption of animal-sourced protein in 2013 was 40 percent lower than the
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recommended 34 grams per person daily (LSG, 2013). Moreover, fish consumption,
an important source of omega 3, amino acids and polyunsaturated fat, remains

particularly low in Nigeria (FAO, 2017; Matemilola and Elegbede 2017).

2.1.3. Urban farming: more than food production

Urban framing, synonymous to urban agriculture (UA), supports the livelihoods of tens
of millions of people throughout the world (Smit et al. 1996). These are farming
practices ‘within and surrounding the boundaries’ of a city, providing food products
from crops, livestock and fisheries, forestry products, non-wood forest products, and
environmental services (FAO, 1999). In most cities in sub-Saharan Africa, urban
farming is a common coping strategy of the poor to prevalent poverty and food
insecurity, and sometimes a means to generate additional income (Nkrumah, 2019;
Bisaga et al. 2019; Gray, 2020). Urban farming may boost the availability and
continuous access to food, and alleviate poverty (Bisaga et al., 2019; Nkrumah, 2019;
Gray et al. 2020; Junge et al. 2020). For food produced within the urban ecosystem,
the urban dwellers tend to have improved access to more diverse, ‘fresh and nutritious
food’ e.g. fruits, vegetables and fishes as well as urban greening. This also support
environmental conservation and climate change mitigation and adaptation in urban
areas (Mbow et al. 2019; Wahab and Popoola 2019). Smit et al. (1996) argue that
urban framing is intensive in nature, which raises sustainability issues.

Individuals in Lagos undertake urban farming to complement the insufficient earning
from non-farming activities (Taiwo, 2014). In the context of Lagos, built-up area
expansion, population growth, limited technological innovation, environmental pollution
etc. are some of the reasons for modest growth in urban farming (Taiwo, 2014; Junge
et al. 2020; Specht et al. 2019). Other major obstacles for urban farming in Nigeria are
related to the ‘political neglect’, poor investment and the lack of knowledge among
farmers (Wahab and Popoola 2019). One of the pragmatic solutions to address the
aforementioned shortfalls of urban farming in Lagos, Nigeria is aquaponics, whose

details will be discussed in the following section.

2.1.4. Aquaponics: a farming novelty
Aquaponics is a combination of aquaculture and hydroponic, commonly, in a
recirculating production system (FAO, 2014; Palm et al., 2018; Specht et al., 2019).
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Wastewater from the fish tanks pass through filtrations, and provides nutrients to the
plants placed in growth beds, before the recycled water is returned to the fish tanks
(FAO, 2014; Palm et al., 2018; Specht et al., 2019). The mechanical filter removes
solid wastes and the uneaten feed from the water, then a biological filter ‘processes
the dissolved wastes’ (FAO, 2014; Kledal & Thorarinsdottir, 2018; Lennard & Goddek,
2019). In the biological filter, bacteria break ammonia into nitrate, making the water
rich in nitrate and other nutrients for taken by plants (e.g. vegetables or/and fruits). The
cycle ends with the purification of the water returning to the fish tank (FAO, 2014,
Kledal & Thorarinsdottir, 2018; Lennard & Goddek, 2019). Such coupled single-loop
system conserves water and can be done on limited space (Benjamin et al. 2020).

In addition to the coupled single-loop system, there is also the decoupled or multi-loop
aguaponics system, where the water from plants does not return to the fish tanks
(Lennard & Goddek, 2019). Decoupled systems operate with a temporary recirculation
of water, functioning as a ‘hybrid system’, or operate in ‘unidirectional way’, where
water only flows from the fish tanks to the plant unit (Pantanella, 2018). Decoupled
systems allow an increased level of independence between fish and plant components.
This method offers two main advantages: it eliminates the risk of flowing toxic water
into fish tanks; and offers farmers the possibility of separating the aquaculture and the
hydroponic subsystems (Pantanella, 2018). Other aquaponics techniques include
floating aquaponics, saline aquaponics through the integrated multi-trophic
aguaculture, and open pond aquaponics (FAO, 2014; Palm et al., 2018; Pantanella,
2018; Sunny et al., 2019; ). The most common methods for plant cultivation include
continuous flooding or floating raft, nutrient film technique (NFT) and flood and drain
or ebb and flow (granite and clay pebbles bed) (Love et al., 2014; 2015; Benjamin et
al. 2020). The most common fish species raised worldwide in aguaponics units are
tilapia, catfish, and ornamental fish, while salad greens, herbs (e.g. basil and non-basil
herbs), tomatoes, lettuce, kale, chard, pak choi, peppers and cucumbers are the most
common crops grown (Love et al., 2014; Love et al., 2015; Benjamin et al. 2020).

(a) Fish and crop production

Raising of African catfish in aquaponics systems enables harvests within short-period
intervals (Pantanella, 2018; Benjamin et al., 2020). Aquaculturist have successfully
tested high fish stock densities (100 fish/m2), delivering relatively high quantity of fish

(Sunny et al., 2019). Low-tech and low-cost aguaponics design with 27 m? showed the


https://doi.org/10.20944/preprints202111.0372.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 November 2021 d0i:10.20944/preprints202111.0372.v1

ability to produce 400 grams of tilapia per day for home consumption (FAO, 2014,
Pantanella, 2018). For vegetable production in aquaponics systems, low-nutrient-
demand plants, e.g. leafy green vegetables and herbs, have been observed to perform
well (FAO, 2014). Fruiting vegetables, botanical fruits as well as but high-nutrient-
demand plants also do well in aquaponics systems but require extra care (FAO, 2014).
flood and drain or ebb and flow (granite and clay pebbles bed) have shown better
conditions for polyculture than continuous flooding or floating raft (FAO (2014).
Although nitrogen is often adequately available in an aquaponics system (depending
on fish feed), it may be deficient in other nutrients such as iron, potassium and calcium
(Benjamin et al., 2020; FAO, 2014; Pantanella, 2018). However, chelated iron and
organic fertilizers are available supplements (FAO, 2014; Benjamin et al., 2020).
(b) Barriers to adoption

Challenges of adoption of innovation in urban farming in Lagos, Nigeria, include
illiteracy of farmers, and limited agricultural technologies (LSG, 2013). These obstacles
may be attributed to the negligence of urban farming in the food debate, which seems
to be gradually changing with recent initiatives that seek to increase local food supply
(FAO and ECOWAS, 2017). Energy is an important input in innovative urban farming
technologies such as aquaponics that determines the feasibility of operations. Energy
is the second most expensive operational category in aquaponics, with the possibility
of cost reduction through renewable energy and energy efficiency appliances
(Tokunaga et al., 2015). The use of aquaponics for sustainable urban farming depends
on the interconnectedness of various fields of expertise (Tokunaga et al., 2015; Gott
et al., 2019; Junge et al., 2017). According to Dos Santos (2016), the cooperation
between researchers, businesses, farmers, private sector, and decision-makers will
make urban environments favorable to the establishment of aquaponics. Social
enterprises can also support the establishment of aguaponics based on sustainability
(social, environmental and economic) principles (Dos Santos, 2016). However, the
success of an aquaponics model operated by a social enterprise depends on policies
and regulations of food systems (Milliken and Stander, 2019). Furthermore, social
equity approach to aquaponics requires high initial investment and maintenances costs
and may result in ‘concentration of ownership’ by larger enterprises with easy access

to capital and crowding out of smaller enterprises (Specht et al., 2019).
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(c) Technical feasibility

Small-scale aquaponics has limited social, economic and technical challenges
compared with the larger and commercial aquaponics operations (TurnsSek et al.,
2020). An aquaponics system with a fish tank ~1000 liters and a growing area of ~3
m?is considered small-scale (FAO, 2014). However, Palm et al. (2018) argue that a
coupled system with a total size less than 50 m? can be considered small-scale. A
small-scale aquaponics system can be set-up by non-experts with low investment
costs. However, the coupled system technology associated with small-scale
operations presents some technological limitations. Due to the coupled characteristic
of these systems, practitioners are limited to biological control of pest (FAO, 2014).
Beebe et al. (2020) identified technological challenges among the non-expert
participants as controlling pests and bugs; fish management (overpopulation); and
water quality (pH and temperature). Maintaining an optimal biomass ratio and the
correct feed rate ratio is critical to keep the appropriate nitrate balance of the system.
Commercial and large-scale? aquaponics system often apply decoupled systems that
requires other technologies and specialized knowledge (Kledal & Thorarinsdottir,
2018; Palm et al., 2018). However, larger and more complex aquaponics operations
have higher demands for the stability of the system, resulting in high investment costs,
advanced knowledge and high-energy demand (Palm et al., 2018).

3. Materials and Methods

This study is based on a coupled single-loop small-scale aquaponics systems. The
SANFU project consist of flood and drain or ebb and flow (granite and clay pebbles
bed) and continuous flooding or floating raft as well as two fish tanks on an area of 2.5
m? . Each fish tank had a volume of approximately 700 - 800 liters. This aquaponics
facility in a greenhouse setting, partially powered by solar energy, is a prototype for
urban and rural areas in West Africa. This SANFU project showcases the sustainability
attributes of aquaponics in urban farming compared to conventional urban farming
(control field) (see figure 1, 2 and 3). Some of the vegetables and fruits cultivated in

the aquaponics system include Lagos Spinach or Soko (Celosia Argentea), African

2 Without setting a clear distinction between small-scale and semi-commercial aquaponics, Palm et al. (2018)
delimits semi-commercial at an area of above 50 to 100 m? up to four tanks; and intermediate/large-scale operations
are above 100 up to 500 m2. Both can possibly use decoupled systems.
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eggplant or Efo Igbo (Solanum macrocarpon, Family Solanaceae), Scotch Bonnet
Peppers or Atarodo (Capsicum chinence) and tomatoes (Solanum lycopersicum).
Furthermore, African catfish (C. gariepinus and C. anguillaris) and Tilapia
(Oreochromis nilotirus and Guineensis) were also raised (see figure 4).

Figure 1. The SANFU demonstration site in Lagos, Nigeria 2019 - 2020

The comparative study of plant performance in the SANFU project is based on the
growth measurement i.e. height of crops in the aquaponics systems as compared to
crops cultivated in small urban plot, as a form of control, in the first four months. The
experimental and control field was approximately 1m? located at the SANFU
demonstration site (see figure 2 and 3). A t-test is conducted on the values from the
experimental results. This inferential statistic was done to ascertain significant
differences between the means in heights of vegetables and fruits in the aquaponics
and conventional urban farming. The t-testis used for testing the hypothesis that
results are comparable. The mathematical formula of the t-test (t) is denoted as:
- :’; é [1]
where m is the mean, u the theoretical value, S the standard deviation and n the

10
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variable set size. The fish performance was also examined through the evaluation of
the specific growth rate per day (SGR). The mathematical formula of SGR is denoted
as:

_ 100 (lTth—lTlW())

SGR % day~! - [2]

Where, Wo is the initial wet weight, W is final wet weight and t is the number of days
(Sikawa and Yakupitiyage, 2010).
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Figure 2. The control plot of the SANFU project
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Figure 3. A cross of plant in the continuous flooding aquaponics system

Figure 4. A Tilapia fish raised in an aquaponics system
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A questionnaire was developed and administered to urban aquaculturists. The
guideline for interviews from Specht et al. (2019) was used to structure the agquaponics
component of the questionnaires. The guide for survey design for the adoption of
agricultural technology from CIMMYT (1993) was used to draft the general
components on the farmers’ profile. The selection criteria established that urban
farmers, preferably from Alimosho local government area in Lagos State would be
interviewed. The (proximity) requisite was based on the local government area with the
highest population in Lagos and the ability of farmers to visit the SANFU project
demonstration site where interviews were conducted. Given the exploratory character
of this study, a non-probability sampling method was used, combining purposive and
convenience sampling. The sample consist of five urban aquaculturists between the
ages of 30 and 44 years old. Three of the farmers had Bachelor of Science (B.sc)
degrees, while two farmers had informal agricultural-related training. Only one farmer
owned the facility where the aquaculture operation was located. The years of
experience among urban aquaculturists ranges between 2 and 10 years. African
catfish was the common fish species produced by all respondents. The average daily
hours a worker spent at the farm was between 4 hours and 10 hours with 2 paid
employees. All respondents sold their unprocessed produce to market women as well
as directly to final consumers. One urban aquaculturists sold processed products i.e.
smoked fish. Thus, the respondents are integrated into the informal supply chain. None
of the urban aquaculturists had obtained credit for their businesses. Despite being
informed about government subsidies and public support programs, farmers preferred
to improve their production systems through World Bank programs (two respondents)
and microfinance banks (one respondent).

Benjamin et al. (2020) base the economic feasibility of solar powered aquaponics in
sub-Saharan Africa on the SANFU project. Benjamin et al. (2020) conducted a Net
present value analysis of foreign versus locally developed aquaponics systems in
Nigeria and estimated the Net-Discounted Benefit-Cost Rate (DBCR) over a 20 years
period.

4. Results

4.1Plant Growth

The t-test of the mean height of Efo Igbo grown in the floating raft system showed a

significant difference (p=0.0145) after two months of cultivation compared to the Efo
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Igbo plants in the control field (fig.1.1). The mean height of Efo Igbo in the ebb and
flow system was found to be significantly different (p=0.0001) from the control field in
the first three months of cultivation (p=0.0275) (fig.1.2). Comparing Efo Igbo grown in
clay pebbles, with the control field, a significant difference (p= 0.0042) in the mean
heights was found only in the first two months after cultivation (fig.5.1). However, after
three months of cultivation, there was no significant difference in height in all grow
beds compared to the control field. The results of the t-test for the comparison of Efo
Igbo are also presented in Table 1.

Height of Efo Igho
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Figure 5. Mean heights (cm) of Efo Igbo (African eggplant) for aquaponics and field
trials at (1) two months and (2) three months of cultivation.

Table 1. Results of two sample t-tests, where the Efo Igbo (African eggplant) height
mean values of the aquaponics grow beds (CF, DF, Clay) were compared to those of
the control system and the differences were statistically evaluated for p < 0.05, after

the two-sample test for variance was performed.

Time Raft | E&F | Clay | Control | Prob > |t| Prob > |t| | Prob > |t|
Raft-Control | EF-Control | Clay-Control
Month 2 | 10.55|8.12 | 9.87 | 16.57 |0.014 0.000 0.004
Month 3 | 125 | 1455|145 |21.47 |0.246 0.027 0.102

The t-test of the mean heights for Pepper (Atarodo) showed that after two months of
cultivation both ebb and flow (p=0.0118) and the floating raft system (p=0.0003) are
significantly different from the control field (fig. 6.1). However, after three months of
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cultivation, the mean plant heights from the ebb and flow superseded that of
the control field (fig. 6.2). The results of the t-test for the comparison of Pepper

(Atarodo) are also presented in Table 2.

Height of Pepper
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Figure 6. Mean heights of Pepper (Atarodo) plants for aquaponics and field trials at (1)
two months and (2) three months of cultivation.

Table 2. Results of two sample t-tests, where the Pepper (Atarodo) height mean values
of the aquaponics grow beds (CF, DF, Clay) were compared to those of the control
system and the differences were statistically evaluated for p < 0.05, after the two-
sample test for variance was performed.

Time Raft | E&F | Clay | Control | Prob > [t| Prob > [t| Prob > [t|
Raft-Control | E&F-Control | Clay-Control
Month 2 | 8.9 11.6 | 13.75 | 19.85 | 0.000 0.011 0.082
Month 3 | 23.17 | 28.5 | 17.25 | 27.7 0.554 0.904 0.210

Tomato plants were cultivated only in the raft system and the ebb and flow with clay
pebbles. The t-test showed that the mean height of the Tomato plants after two months
(p=0.0012) and three months (p=0.0057) of cultivation in the ebb and flow with clay
pebbles were significantly different from the control field (fig 7.1 and 7.2). However, no
significant difference was found between raft and control systems after three months
of cultivation. The results of the t-test for the comparison of Tomato are also presented
in Table 3.
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Figure 7. Mean heights of Tomato plants for aquaponics and field trials at (1) two

months and (2) three months of cultivation.

Table 3. Results of two sample t-tests, where the Tomato height mean values of the
aguaponics grow beds (CF, DF, Clay) were compared to those of the control system
and the differences were statistically evaluated for p < 0.05, after the two-sample test

for variance was performed.

Time Raft E&F | Clay | Control | Prob > [t| Prob > [t| Prob > [t|
Raft- E&F- Clay-
Control Control Control

Month | 4150 |- 25.33 | 122.23 | 0.000 - 0.001

2

Month | 136.33 | - 37.16 | 151.33 | 0.602 - 0.005

3

The examination of Lagos Spinach (Soko) showed that after two months of cultivation
the mean heights in the raft system (p= 0.0473) as well as the ebb and flow with clay
pebbles (p= 0.087) were significantly different from the field trials (fig.8.1). After three
months of cultivation, however, none of the Lagos Spinach (Soko) plants survived the
rodent attacks in the control field. Therefore, no observations were available for the
second phase (fig.8.2). Results for Lagos Spinach (Soko) are presented in Table 4.
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Figure 8. Mean heights of Spinach plants for aquaponics and field trials at (1) two

months and (2) three months of cultivation.

Table 4. Results of two sample t-tests, where the Lagos Spinach (Soko) height mean
values of the aquaponics grow beds (CF, DF, Clay) were compared to those of the
control system and the differences were statistically evaluated for p < 0.05, after the

two sample test for variance was performed.

Time Raft | E&F | Clay | Control | Prob > [t| Prob > |t| Prob > |t|
Raft- E&F- Clay-
Control Control Control
Month 2 | 10.65 | 14.46 | 11.47 | 22.825 | 0.047 0.216 0.087
Month 3 | 45.25 | 56.66 | 27.75 | - - - -

4.2Fish growth

The specific growth rate of Tilapia and African Catfish are analyzed and presented in
Table 5 and Table 6, respectively. The pH measurement of the fish tanks for the
duration of the SANFU project (2019 - 2020) ranged between 5.1 and 7.3 while the
water temperature was between 26°C and 28°C. The air stones in the fish tanks
contributed to the above five parts per million (PPM) dissolved oxygen recommended
for fish growth in the aquaculture system (Banerjea 1967). Results show that tilapia
grew steadily over the 114 days from an individual initial weight of 59 g to a final mean
body weight of 165 g and SGR ranged between 2.3% and 1.79% (Table 5). The SGR
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of the African Catfish showed similar results although the mean weight was much
higher than that of tilapia (Table 6).

The growth performance of Tilapia and African Catfish in the aquaponics system was
compared with same species grown in conventional aquaculture (Table 7). The growth
rate of Tilapia and African Catfish in conventional aquaculture was retrieved from
secondary sources (Goda et al. 2007; Toko et al. 2007; Fawole et. al., 2010; Terpstra,
2015; Dauda et al. 2018). The comparison of Tilapia and Africa Catfish between
aguaponics and conventional aquaculture shows that in almost all stages of growth

Tilapia and Africa Catfish in aquaponics performed better.

Table 5. Growth performance of Tilapia for 114 days

Parameter Fish Fish Fish Fish Fish
weightin | weightin | weightin | weightin weight in
days 61 days 75 days 89 days 103 | days 117

Total number | 6
of fish
Mean weight 59.16 81.66 97.5 128.33 165
(g fish—1)
Total weight | 990
(@)
SGR (%day- 2.30 1.26 1.96 1.79
1)

Table 6. Growth performance of African Catfish for 92 days

Parameter Fish weight | Fish weight | Fish weight | Fish weight
in days 50 in days 64 in days 78 in days 92

Total number 6

of fish

Mean weight (g 133 2125 270.83 333.33

fish-1)

Total weight 2,000

(9)

SGR (%day-1) 2.30 1.26 1.96
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Table 7. SGR comparison table of Tilapia and African Catfish between aquaponics

and aquaculture

Days | SGR % - Tilapia | SGR % - Tilapia | Days | SGR % - Catfish [ SGR % - Catfish
aguaponics aquaculture aguaponics aquaculture

75 |2.30 2.28 64 |[2.3 1.84 (60 day)

89 |[1.26 1.92 78 [1.26 2.07 (70 days)

103 |1.96 1.75 92 1.96 1.77 (90 days)

117 |1.79 1.49

4.3 Stakeholder engagement and survey results

Although urban aquaculturists seem to be willing to implement changes in their
production systems, e.g. improvements in water usage, none of the respondents had
implemented novel technology in achieving this objective. When asked about the
aguaponics prototype at the SANFU demonstration site, urban aquaculturists
responded positively and could envision themselves operating an aguaponics farm.
The respondents identified inadequate power supply and lack of capital as the main
barriers to aquaponics adoption. The advantages and disadvantages mentioned by the

respondents are summed up in figure 9.

Advantages Times Disadvantages Times
mentioned mentioned

Savings in water ) ) )

3 Financially demanding 3
usage
Potential for large ) _

) 2 High power consumption 2

scale operation
Reduction of )

1 Challenge of upscaling 2

productions costs
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Inexistence of bad

odor 1 Low reliability of power supply 1
Demand in technical
knowledge !
Slowdown of fish growth 1
Risks of water contamination 1

Figure 9. Advantages and disadvantages of aquaponics identified by the respondents.

To identify the determinants of aquaponics systems adoption among urban
aguaculture practitioners, a number of options (see figure 10) were presented and

respondents were asked to rank the level of importance.

Not Less Very
) _ Important
important important important

Access to credit 2 3

Government incentives/subsidies 2 3
Support of farmers’

_ o 1 2 1 1
cooperative/association

Knowledge and agricultural 5 3
training

NGO support 1 2 1 1

Insurance 1 2 2

Influence of people in the 3 5
community operating aquaponics
Influence of other farmers
_ _ 2 1 2

operating aquaponics

There is a niche market for 5 3
aquaponics products

Opportunity of engaging in a L 5 L
production cooperative

Figure 10. Variables influencing the respondents’ decision on the adoption of

aguaponics.
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The important set of variables in the adoption of aquaponics are highlighted in green
and orange. Although less relevant for all respondents, the existence of a niche market
was emphasized by urban aquaculture practitioners. To measure consumer’'s
acceptance, the respondents were asked if their customers would buy aquaponics
produce. All respondents replied affirmatively, saying that the consumers do not
necessarily care about the production system as long as the output looks and tastes

the same.

4.4 Economic Feasibility

Benjamin et al. (2020) found that the high cost of photovoltaic could reduce the
economic feasibility of sustainable aquaponics in West Africa. However, profitability of
aguaponics units can be attained if local materials are used for other components such
as grow beds, etc. (Benjamin et al. 2020). The Net-Discounted Benefit-Cost Rate
(DBCR) over a 20 years period of 1.12 reported by Benjamin et al. (2020) shows that
aguaponics is a profitable form of urban food production that conserves the
environment while contributing to climate mitigation and adaptation in the tropics. This
is similar to the findings of Bosma et al. (2017) for aquaponics in the Philippines
producing fish and vegetables in a closed-loop water system with a DBCR of 1.3.
However, for Nigeria this can only be achieved if local material and labor are used to

cut the high up-front cost related to aquaponics implementation (Benjamin et al. 2020).

5. Discussion

The result of this study shows that aquaponics can enhance food security, sustainable
livelihood in urban and rural areas of West Africa. Nicholls et al. (2020) argue that
urban and peri-urban farming communities in Africa could significantly contribute to
food security, improvements of ecosystem services and soil conservation through
innovation. In terms of crop growth in a coupled single-loop aquaponics system, the
performance of ebb and flow grow beds with gravel was somewhat comparable to that
of conventional farming for Peppers and Efo Igbo after a three months period. One
important aspect to note is that three months after cultivation of Efo Igbo, Pepper and
Lagos Spinach, no differences in growth rate between the aquaponics grow beds and

the control field was observed. Palm et al (2019) argue that the use of Tilapia in
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aguaponics generally increases the yield of certain plants as compared to African
Catfish given the boost effect of the former. Palm et al (2019) attributed the improved
plant growth for Tilapia to the effect of light orientation and fish physiology. While the
Tomato plants in the ebb and flow grow bed with clay, fertilized by African Catfish
wastewater, underperformed, the growth of Tomato in the floating raft system was
comparable to the control field. This may be due to a number of factors ranging from
seasonal swing to fertilization challenges. The fish growth in the aquaponics system
performed somewhat better compared to conventional aquaculture. Somerville et al
(2014) argue that a number of fish species, among others, Tilapia and African Catfish
have shown excellent growth rates in aquaponics units. Palm et al (2014) found that
Tilapia growth in a coupled single-loop system aquaponics system with restricted feed
input was close to optimal level but not necessarily African Catfish.

The results of this study is mostly consistent with previous work done on the
performance of diverse crops in different grow beds substrates in an aguaponics
system (Salam et al. 2014; Lennard and Leonard 2006; Palm et al 2019). Furthermore,
extreme rodent attacks and climate events (heavy rainfall) that affected certain plants
cultivated in the control field is an argument for the use of greenhouses in aguaponics
in West Africa. This finding is not surprising given that a controlled environment has
been proposed for the sustainable development in small and large-scale agriculture
production in sub-Saharan Africa (Pack and Mehta 2012; Wayua et al. 2020; Proksch
et al. 2019). Wayua et al. (2020) argue that small-scale greenhouses can enhance
food production in Africa, despite challenges ranging from pests and diseases, high
investment costs to lack of knowledge.

The use of a mixed energy matrix i.e. photovoltaic and on-grid for powering appliances
during the SANFU project was not only environmentally friendly but compensates for
the power outage often experienced in Lagos, Nigeria. Similarly, De Graaf and Goddek
(2019) argue that such an energy smart hood, involving the circular connection of the
Food-Water—Energy nexus, performs well for aquaponics. Conventional aquaculture
often uses gasoline generators for an average of four hours a week in pumping fresh
water into fish tanks, which is environmentally unfriendly and unsustainable.
Compared to conventional aquaculture production, the SANFU project was able to
reduce GHG emission due to mixed energy matrix or smart hood. The SANFU project
was estimated to sequester approximately 489 tCO2eq per year (see Cioabla and
lonel 2011).
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Several challenges peculiar to sustainable urban farming interventions (see Benjamin
et al. 2018 and Benjamin 2018) such as gender bias, exclusion of vulnerable groups
and limited access to credit should be addressed at this early stage of aquaponics
adoption in West Africa. The responses of aquaculturists on the advantages and
disadvantages of aquaponics were similar to the findings of Specht et al. (2019) for
urban farming practitioners. Practitioners indicated that sustainable and efficient use
of resources (land and water) makes aquaponics attractive (Specht et al., 2019). High
investment and operation costs, particularly electricity, are obstacles to a profitable
aguaponics enterprise (Specht et al., 2019; Love et al.,, 2015). The technical
challenges was also a concern among respondents, with farmers linking poor water
management of the system to risk of water contamination. According to Love et al.
(2015), human capital is central to aguaponics operations as the success of an
enterprise is strongly correlated with farmers' knowledge. A number of urban
aguaculturists in our sample were highly educated. This could have significant
importance for aguaponics adoption since education is positively associated with the
ability to acquire new knowledge and operate with new technologies (Llewellyn and
Brown, 2020). For access to market, small-scale aguaponics sell their produce through
direct sales, including selling at their facility, farmer markets and roadside stands (Love
et al., 2015). Since smaller production facilities are confronted with fewer regulations,
direct sales may be the simplest selling strategy in dealing with the political and legal
barriers (Gott et al., 2019; Specht et al. 2019; Milliken & Stander, 2019). The sampled
urban aquaculturists do not access credit due to high interest rates and stated that they
had difficulties obtaining credits. Cabannes (2012) argues that, overall, there is
insufficient specific funding programs for urban farming. The level of government
support given to aquaculture development in Lagos, Nigeria (see Elias and Omojola,
2015), should therefore be extended to aguaponics. To promote aguaponics as an
urban farming technology that tackles climate change and promotes sustainability
(social ecological and economics) in sub-Saharan Africa, tenure status, education,
access to market and credit are crucial factors that needs urgent attention.

Furthermore, the use of local material in aquaponics systems should be emphasized.
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6. Conclusions

Climate change and food insecurity combined with the rapid urbanization requires
urgent transition to sustainable food production systems that are climate resilient in
urban areas of sub-Saharan Africa. The development of a resilient urban farming is
also a chance to absorb the staggering number of young labor force migrating from
rural to urban areas (Ogwu 2019). This study explores the potential of aquaponics to
respond to these challenges. Aquaponics plays an important role in the provision of
food to urban areas, especially in regions vulnerable to climate change. The SANFU
project explores the technical, social, and economic feasibility of aquaponics for West
Africa. The delivery of fresh vegetable and fish protein as well as conservation of the
environment through aquaponics in West Africa have been confirmed by the outcome
of the SANFU project. Thus, aguaponics contributes to food security, enhancing
access to a healthy diet in Lagos, while conserving the environment. The aquaponics
system has also shown great potential for all-year-round food production and
comparable performances to soil-based systems.

A limited number of urban aquaculturists in Lagos, Nigeria, through stakeholder
interviews and engagement, identified the opportunities and challenges of aquaponics
systems in comparison to their current production systems. They envision transitioning
to aquaponics and were enthusiastic about upscaling options. The sampled urban
aquaculturists in Lagos, Nigeria, identified the determinants of adoption of aquaponics
as access to credit, government incentives and agricultural training. Conversely,
inadequate and unreliable energy supply and lack of specialized knowledge were
some of the barriers to aquaponics’ adoption. Planning urban spaces to accommodate
novel urban farming such as aquaponics is equally crucial. To promote aquaponics in
Lagos and West Africa, governments should assist farmers in accessing and planning

land use, technical training, marketing, business management, and finance.
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