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ABSTRACT
The use of growth regulatory substances has been reported to have modulatory effects
on growth and production efficiency of crops including African Garden egg (Solanum
macrocarpon). Hence, this study was carried out to evaluate effects of different growth
promoters; Naphthalene Acetic Acid, Coconut water and Bryophyllum pinnatum leaf
extract on growth, nutritional and medicinal attributes of S. macrocarpon in a
completely randomize design. Distilled water served as control. Proximate, mineral,
vitamin and phytochemical contents of leaves of the vegetable were evaluated. Highest
stem height (9.43 cm), number of leaf (6.25) and root length (11.15cm) were recorded
in S. macrocarpon treated with 10% CW while highest leaf area (12.21cm?) was
observed in control. Highest moisture (8.84%), ash (0.22%) and crude protein
(4.77%), were recorded in plant treated with Coconut Water, crude fibre (1.26%) and
fat (0.71 %) were recorded in control while highest carbohydrate (86.44%) was
determined the vegetable treated Naphthalene Acetic Acetic. Sodium (21.45mg/1009)
and Potassium (620.52mg/100g) were higher in plant treated with Bryophyllum
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pinnatum leaf extract, while highest phosphorus (59.88mg/100g) was recorded in
treatment with Naphthalene Acetic Acid. In conclusion, Coconut Water promoted the
growth and improved the nutritional parameters of the vegetable; therefore, the
treatments can be used to enhance production of the vegetable.

Keywords: Naphthalene Acetic Acid; Solanum macrocarpon; Bryophyllum extracts;

Growth regulator, proximate contents

INTRODUCTION

Plant hormones (phytohormones) are
signal molecules produced by plants in
small quantities to modulate changes in
growth of plants (Méndez-Hernandez et
al.,, 2019), protect plants against
pathogens (Blrger and Chory, 2019)
and stress tolerance (Ullah et al., 2018)
and control their reproductive systems.

Several hormones such as auxins,
indole acetic acid, indole butyric acid,
naphthalene acetic acid, and 2,4-
Dichloropheoxyacetic acid among
others have been shown to encourage
root and leaf formation in plants
(Sourati et al., 2022). When applied to
cuttings and placed in an appropriate
propagation media, napthelene acetic
acid has been shown to induce root
formation (Quainoo et al., 2014). In
contrast to Naphthalene Acetic Acid is
involved in elongation of stems and
roots of plants (Chen et al., 2022). The
creation of adventitious roots is often
induced by low concentrations of
auxins. Aside synthetic hormones,
extracts of some plants have been
reported to boost production of crops
(Ojo et al., 2022). Typical example of
such plants is Bryophyllum pinnatum
L, a perennial herb in Crassulaceae

family and Cocus nucifera, a perennial
plant in Aracaceae (Palm family).
Extracts or coconut water from these
plants contains a variety of chemicals
such as sugars, vitamins, minerals,
electrolytes, enzymes, amino acids,
cytokines, phytohormones suitable to
promote growth of vegetables (Molnar
etal., 2011) such as tomato, pepper and
S. macrocarpon. These vegetables most
especially S. macrocarpon is also
known for its important nutritional and
medicinal values.

It is a significant fruit and leafy
vegetable grown both for the market
and domestic consumption (Komlaga et
al., 2014; Tropical Plants Data Base,
2020). Also, various researchers have
reported S. macrocarpon as analgesic,
anti-inflammatory and anti-asthmatic
(Odetola et al., 2014), antioxidants,
anti-glaucoma, anti-cancer, and anti-
viral agent (Chinedu et al., 2011).

Despite the enormous relevance of the
vegetable the rate of their production is
low due to poor viability of their seeds
and the low rate of germination as
affected Dby erratic change in
meteorological conditions (Ojo et al.,
2022). This often results in reduction in
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mass production of the plants for both
domestic and commercial values.

In an order to improve the production
and nutritional values of the vegetable,
several concerted efforts such as good
farming practices, appropriate use of
fertilizers and the use of growth
promoters have been adopted by
farmers or horticulturists, yet these
efforts have yielded little or no desired
results. On the other hand, most of the
growth promoters used cannot be
afforded by the farmers. Hence, there is
need for cheap plant-based growth
promoters as alternatives to synthetic
growth promoters in order to enhance
production of the vegetable. Hence, this
study was carried out to evaluate effects
of different growth promoters;
Naphthalene Acetic Acid (NAA),
Coconut water (CW) and Bryophyllum
pinnatum leaf extract (BPLE) on
growth, nutritional and medicinal
attributes of S. macrocarpon.

Materials and Methods

Seed collection: African egg plant

seeds (Solanum macrocarpum) and
Coconut (Cocos nucifera) fruits were
obtained from Osiele market,
Abeokuta, Ogun State. Bryophyllum
pinnatum leaves were obtained from

Botanical Garden, Federal University
of Agriculture, Abeokuta (FUNAAB).

Collection of soil sample: The top soil
utilized was collated at 0-6cm depth

from different locations of the study site
using soil probe as describe in Ojewumi
et al. (2022).

Experimental location and Seedling
preparation: The experiment was
carried out at the Forest Nursery,
FUNAAB, Ogun State, Nigeria.
Seedlings of S. macrocarpon were
raised in the study area for 21 days,
transplanted into 20 planting buckets
and watered for another 7 days to ensure
hardening.

Experiment Design and Preparation
of treatments

The planting buckets with one seedling
per bucket were arranged in a complete
randomize design with four replicates.

Preparation of experimental
treatments

The coconut water (CW) was obtained
by inserting a needle into the soft region
of the fruit eye, the water content of the
fruits was produced. Bryophyllum
pinnatum Leaf Extract (BPLE) was
prepared according to the method of
Ojo et al., (2022) cited in Agboola and
Adedire (1998) with little
modifications. Leaves of the plants
were thoroughly washed and grounded
using mortar and pestle. Juicy contents
of the grounded leaves were filtered
using Whatman Paper, thereafter, 10%
of the filtrate (extract) obtained was
determined by diluting 100ml of the
extract in 900ml distilled water
(Ojewumi et al., 2022). Similar
procedure was adopted for preparation
of 10% CW used. Also, 0.1mg/L was
prepared by dissolving weighed 0.1mg
of Naphthalene acetic acid in a litre of
water. Distilled water served as control.
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Hundred (100 mL) of each treatment
was applied using folia application at
three days intervals.

Data collection

Parameters such as stem height and root
length were determined using meter
rule calibrated in cm while number of
leaf was determined using counting
methods according to (Kadiri 1999).
The total leaf area was determined using
L1-3000 C Portable Leaf Area Meter by
DMP Ltd.

Determination of nutritional content
of S. macrocarpon

Proximate, vitamins and quantitative
phytochemicalanalysiswere
determined on S. macrocarpon
according to Harborne (1973) cited in
Chigozie et al., (2014) with little
modification. Minerals elements were
assayed using Atomic Absorption
Spectrophotometer (Perkin-Elmer
Model 2280)

Statistical analysis

Data collected were analyzed using
statistical analysis system. Means were
calculated using one-way analysis of
variance and separated by Duncan's
Multiple Range Test (DMRT) at
P<0.05.

RESULTS

Parameters such as stem height, number
of leaves, root length and leaf area
investigated in this study increased
(p<0.05) as affected by the different
growth promoters over a period of 6

weeks. S. macrocarpon treated with
10% CW produced highest stem height
(9.43 cm) followed by control (7.90 cm)
while least of the parameter (4.50 cm)
was recorded in the vegetable sprayed
with 10% NAA (Table 1). Highest
number of leaf (6.25) was also recorded
in plants treated with 10% CW,
followed by Control (6.25) while least
number of leaf (4.50) was recorded in
vegetable treated with 10% NAA (Table
2. Similarly, Table 3 showed responses
of root length to the treatments. Results
revealed that 10% Coconut water
produced longest root length (11.15
cm), followed by 10% BPLE (8.92 cm).
Highest leaf area were recorded in
vegetable treatment with water control
(12.21 m’kg™) while least (2.12 m’kg™)
of the parameters was recorded in 10%
NAA (Table 4).

In addition, highest crude fibre (1.26%)
and fat (0.71%) were recorded in leaf of
S. macrocarpon treated with distilled
water, Crude Protein (4.77%) and ash
(0.22%) were observed in 10% CW
while highest carbohydrate (86.44%)
was observed in vegetable treated with
10% NAA (Table 4).

Furthermore, potassium (620.52
mg/ 100g) and sodium ( 620. 52
mg/100g) were significantly higher in
the vegetable sprayed with 10% BPLE,
calcium (250.79 mg/100g) and Zinc
(250.79 mg/100g) in 10% CW
magnesium (50.94 mg/100g) control
while highest Phosphorus (59.88) was
observed in the vegetable treated with
10% NAA (Table 6)
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Table 7 showed that Vitamin A (0.03),
Vitamin B (0.23) and Vitamin C (43.08)
were significantly higher in S.
macrocarpon sprayed with 10% WC
compared with other treatments while
higher Vitamin E(0.7%) was observed
in the vegetable sprayed with 10%

NAA. It was observed that alkaloids
(2.46%) Saponin (0.28 %) and
anthocyanin (0.5%) were significantly
higher in the vegetable treated with
10% Coconut water while higher
flavonoid (0.52%) was observed in
control (Table 8).

Duncan multiple range test (DMRT).
WAT= Weeks after treatment

Table 2: Effect of different concentratio
macrocarpon at various weeks after tr

eat

Table 1: Effect of different concentrations of growth promoters on stem
height of S. macrocarpon at various weeks after treatment
Treatments Weeks after treatment
SWAT AWAT SWAT 6WAT
10% NAA 3.72+0.24% 4.18+0.35° 4.62+0.43" 4.50+0.55°
10% BPLE 3.74+0.24% 5.20+0.35® 5.86+0.43" 6.33+0.49"
10% Coconut water 3.76+0.24% 5.60+0.35* 8.50+0.43* 9.43+0.55?
Control (Water) 2.96+0.24% 4.80+0.35" 7.38+0.43% 7.90+0.49%
Means followed by different superscripts are significantly different at P< 0.05 using

Bryoy

ns of (

me

hyllum pinnatum leaf extract = BPLE

yrowth promoters on number of leaf of S,
nt

Treatments Weeks after treatment
3WAT AWAT SWAT 6WAT

10% NAA 3.00+0.12° 4/00£0.19¢ 4.20£0.24° 4.50+0.21°

10% BPLE 3.00+0.12° 4,20#0.19*¢  5.00+0.24° 6.00+£019?

10% Coconut water 3.40+0.122 4,80£0.19? 5.80+0.242 6.25+0.212

Control (Water) 3.00+0.12° 4,6010.19%  5.80+0.24 6.20+0.19%
Means followed by different superscripts are significantly different at P< 0.05 using Duncan multiple
range test (DMRT).Bryophyllum pinnatum leaf extract = BPLE WAT=Weeks after treatment
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Table 3: Effect of different concentrations|of growth promoters on root length of S.
macrocarpon at variousweeks after treatment

Treatments Weeks after treatments

3WAT AWAT SWAT 6WAT
10% NAA 2.38+0.56° | 5.06+0.31°  5.86+0.32° 6.69+0.54°
10% BPLE 458+0.56% | 5.76+0.31%  7.64+0.32% 8.92+0.48°
10% Coconut water 4.58+0.56* | 6/54+0.31*  7.98+0.32% 11.15+0.542
Control (Water) 4.64+0.56% | 5.78+0.31%* 7.68+0.32° 8.58+0.48"

Means followed by different superscripts are significantly different at P< 0.05 using
Duncan multiple range test (DMRT).Bryophyllum pinnatum leaf extract = BPLE
WAT= Weeks after treatment

Table 4: Effect of different concentrations of growth promoters on leaf area of S.
macrocarpon at various weeks after treatment

Treatments Weeks after treatment

SWAT AWAT SWAT 6WAT
10% NAA 1.38+0.20° 1.89+0.42° 2.02+1.14° 2.12+1.28°
10% BPLE 1.74+0.20® | 2.54+0.42% 5.56+1.14° 5.62+1.14%
10% Coconut water 2.29+0.20% | 3.70+0.42% 0.28+1.14%  8.76+1.28%
Control (Water) 2.10+0.202 3.70x0.42% 0.99+1.14% 12.21+1.142

Means followed by different superscripts are significantly different at P< 0.05 using
Duncan multiple range test (DMRT).Bryophyllum pinnatum leaf extract = BPLE
WAT= Weeks after treatment

Table 5: The effect of growth substances on proximate composition of S. macrocarpon

Treatments Proximate contents (%)

Crude Fibre  Crude Protein Fat Ash Moisture ¢ Carbohydrate
10% NAA 1.12+0.00? 4.40+0.08° 0/2240.01° 0.14+0.00° 8.79+0.16* 86.44+0.19°
10% BPLE 1.19+0.042 4.68+0.012 0/2740.01°¢ 0.15+0.00° 8.84+0.02" 86.01+0.01°
10% Coconut water 1.24+0.012 4.77+0.05% 0/4040.08° 0.22+0.11* 8.84+0.07% 85.77+0.30°
Control (Water) 1.26+0.09° 4.65+0.02% 0{71#0.05*  0.11+0.01° 8.75+0.03*  85.78+0.03"

Means followed by different superscripts are significantly different at P< 0.05 using
Duncan multiple range test (DMRT).Bryophyllum pinnatum leaf extract = BPLE
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Table 6: Mineral composition of Solanum macrocarpon with different growth
substance
Treatments Mineral elements (mg.100g)
Magnesium  Potassium Calcium Phosphorus Sodium Zinc
10% NAA 50.90+0.05%  604.87+2.22° | 246.7240.99° 59.88+0.06° 604.87+2.22° 246.72+0.99°
10% BPLE 48.72+0.04°>  620.52+0.02% | 246.25+0.21° 57.88+0.02> 620.52+0.02% 246.25+0.21°
10% Coconut water 51.05+0.31*  610.50+0.25¢ | 250.7940.31® 55.75+0.02° 610.50+0.25¢ 250.79+0.31%
Control (Water) 50.94+0.33? 615.48+0.28° | 245.7941.00° 50.56+0.15¢  615.48+0.28"  245.79+1.00°

Means followed by different superscripts a
yo

Duncan multiple range test (DMRT).Br

Table 7: Vitamin composition of Solanu
parameters.

mi

re
Dhy

significantly different at P< 0.05 using
[lum pinnatum leaf extract = BPLE

nacrocarpon treated with different growth

Treatments Vitamin (insert unit here)
Vitamin A Vitamin B Vitamin C Vitamin E
10% NAA 0.02+0.00° 0.02+0.00°  42.23+0.37° 0.7+0.06°
10% BPLE 0.02+0.00° 0.0240.00°  42.85+0.03®  0.12+0.01°
10% Coconut water 0.03+0.012 0.23+0.00? 43.08+0.222 0.11+0.01°
Control (Water) 0.02+0.00P 0.10£0.08"  40.77+0.12° 0.130+0.01°
Means followed by different superscripts are significantly different at P< 0.05 using

Duncan multiple range test (DMRT).Bryo

Table 8: Phytochemical composition of
substances.

S.

ph

yllum pinnatum leaf extract = BPLE

macrocarpon treated with different growth

Treatments Phytochemicals (%0)

Alkaloids  Flavonoids | Saponin Steroids Anthocyanin
10% NAA 2.2520.01° 0.43+0.21® [ 0.13£0.01° 0.08+0.01* 0.12+0.01°
10% BPLE 2.42+0.02°  0.11+0.00° = 0.13+0.01° 0.07+0.01* 0.2+0.01°
10% Coconut water ~ 2.46+0.012  0.12+0.00° | 0.28+0.02*  0.06+0.01* 0.5+1.022
Control (Water) 2.41+0.01° 0.52+0.00° | 0.12+0.01° 0.03+0.02°  0.02+0.00°

Means followed by different superscripts are
Yol

Duncan multiple range test (DMRT).Br

significantly different at P< 0.05 using
[lum pinnatum leaf extract = BPLE
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DISCUSSION

The use of growth promoters or their
substitutes is a promising approach in
crop production. This is due to précised
actions of the substances on targeted
plants or plant organs (Rafeekher et al.,
2002; Naeem et al., 2004). Results of
the present findings demonstrated that
growth promoters manipulated and
modulated differential changes in
morphological characters of S.
macrocarpon studied. Variations
observed in the characters may indicate
that application of the treatments
produced modulatory influence on
elongation of stem (height) and root of
the vegetable and enhance the
formation of auxiliary bud which is
often resulted into leaf development
and general proliferation leaf number
and leaf area as observed in S.
macrocarpon. The observation is in
agreement with submission of Mukhtar
(2008) who opined that the application
of growth substances such as coconut
water induced increase in height and
other morphological indices of
Hibiscus sabdariffa (Gnasekaran et al.,
2012) and Oyeyemi et al., (2015) who
reported that inclusion of coconut water
into culture medium promoted
proliferation in Vanda Kasem's Delight
orchid.

Effects of the growth promoters on
nutritional indices of the vegetable
revealed that the substances most
especially coconut water contains
bunch of nutrition contents such as
vitamins, minerals, amino acids, and

phyto- hormones necessary for
enlargement of morphological
parameters (Shamal et al., 2021) and
improvement of the dietary importance
of the vegetable.

Appreciable amount of crude protein
and ash obtained in the vegetable
sprayed with CW indicated although
other t reatments investigated
nutritionally relevance to the
cultivation of the vegetable but coconut
water contained required nutritional
indices needed for the synthesis/repair
vascular tissue and enzymatic actions in
the vegetable (Achikanu et al., 2022).

Based on results of this study, leaves of
S. macrocarpon treated with or WC
contain a moderate quantity of ash,
making it a suitable source of plant
minerals required by man for regular
metabolic activity of bodily tissues as
well as proper assimilation (Umoh et
al., 2013). The high moisture contents
observed suggests that the vegetable
cannot be stored for a long without
deterioration and spoilage as moisture
enhance microbial action (Eshun et al.,
2013).Also,relatively high
carbohydrate level noticed in the
vegetable sprayed with 10% NAA and
10% BPLE may inform that the
treatments induced higher amount of
energyinform of adenosine
triphosphate needed by the plants to
power metabolic process of the parts.
The energy may also be potential source
of nutrient for plumule and radicle
before the emergence of mature leaves
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during germination process (Ashraf and
Foolad 2005).

Higher mineral contents recorded in the
leaves of S. macrocarpon as influenced
by or WC infers that the treatment is a
good source of a host of mineral
elements such calcium, magnesium,
potassium, sodium, phosphorus, iron,
and zinc needed for skeletal integrity
and gastrointestinal uptake of mineral
elements (Adefisan et al., 2020).

In addition, presence of appreciable
quantities of minerals in adequate
amount in the vegetable treated
with or WC may indicate ability of the
treatment in enhancing normal
physiological functions such as nutrient
utilization and mineralization in the
plants (Adeyeye, 2000) as well as
prevention and control of ailments,
Hence, the observation may denote
contributions of WC to therapeutic
potential of vegetable (Shamal et al.,
2021). Although, the nutritional
responses of the vegetable showed
variations across the treatments yet
nutritional compassions of WC
increased both primary and secondary
metabolites the vegetable investigated.
Therefore, WC may be considered the
best treatment for cultivation of S.
macrocarpon to ensure better
morphological characters and high
nutritional contents of the vegetable.

The quantitative phytochemical
analysis of S. macrocarpon revealed
appreciable amount of alkaloid,
saponins, tannins, phenol, flavonoids,

anthocyanin and steroids. These
phytochemicals may signify substantial
benefit of the vegetable to consumers an
excellent source of therapeutic values
(Aletan and Kwazo, 2019).

CONCLUSION

This study revealed that although
differentgrowth treatments
investigated influenced the vegetative
growth and nutritional contents of S.
macrocarpon, however Coconut water
emerged as the most effective growth
and nutritional enhancer in the
vegetable, therefore the treatment is
recommended for massive production
of the vegetable
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1.0 Introduction
Machine learning (ML) techniques offer
promising avenues for analyzing large
volumes of educational data and
uncovering patterns that may be
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DN OF STUDENTS ACADEMIC
MACHINE LEARNING

un Bukonla
n Science, Tai Solarin University of
Ogun state.
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performance is crucial for improved
2arning. Even while they are helpful,
lly ignore the complex determinants
status and engagement measures.

redictive model using an ensemble of
lents' academic performance in higher
n Department of Computer Science, Tai
evant features were selected using the
del was formulated and simulated using
Support Vector Machines (SVM) and
ory environment. The model's predictive
ormance metrics, including accuracy,
1at the ensemble approach outperforms
on robustness and reducing variance.
of machine learning techniques in
ving 100% accuracy, allowing for timely
n. Moreover, it contributes to evidence-
tutions, helping to optimize learning

ation, machine learning, Support Vector

difficult to discern through manual
analysis alone (Romero & Ventura,
2020). By leveraging ML algorithms,
researchers and educators can develop
predictive models capable of
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classifying student performance based
on various input variables, such as
demographic information, previous
academic records, and engagement
metrics (Albreiki, Zaki, & Alashwal,
2021). These models have the potential
to enhance educational outcomes by
identifying at-risk students (Karalar,
Kapucu, & Gidrller, 2021), tailoring
instructional interventions, and
optimizing resource allocation
(Ramaswami, Susnjak, Mathrani, Lim,
& Garcia, 2019).

Machine learning approaches offer
several advantages over predictive
models based on a single maching
learning algorithm (Karalar et. al.,
2021: Hussain et. al., 2023)). By
combining multiple models, machine
learning techniques can leverage the
strengths of individual models while
mitigating their weaknesses, thereby
improving predictive accuracy and
robustness (Yagci, 2022). Moreover,
machine learning methods can handle
diverse types of data and modeling
techniques,enablinga more
comprehensive analysis of factors
influencing prediction. Ensemble
modeling is widely used in various
machine learning tasks, including
classification, regression, and
clustering. It has been shown to improve
predictive performance, reduce
variance, and increase model robustness
compared to single-model approaches.
However, ensemble modeling requires
careful tuning of hyperparameters,
selection of diverse base models, and

consideration of computational
resources to achieve optimal results.

The development of predictive models
for classifying student performance
using machine learning algorithms
holds significant promise for improving
educational outcomes and informing
evidence-based decision-making in
educational institutions. By leveraging
machine | earning t echniques,
researchers and educators can develop
predictive models capable of
identifying at-risk students, tailoring
interventions, and optimizing resource
allocation. However, challenges such as
interpretability, scalability, and model
selection must be carefully addressed to
ensure the effective and responsible use
of machine learning in education,
Overall, machine learning represents a
compelling approach for developing
predictive models in education, with the
potential to transform teaching,
learning, and educational practice.

Ineducational institutions,
understanding and predicting student
performance play a crucial role in
facilitating personalized learning, early
intervention, and academic success
(Deda, Pacukaj, & WVardari, 2021).
Traditionally, educators have relied on
various assessment methods, such as
exams, quizzes, and assignments, to
evaluate student performance. While
these methods offer valuable insights
into students' understanding and
progress, they often provide only a
snapshot of their academic abilities and
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may not capture the complex interplay
of factors influencing performance
(Kumar & Salal, 2019).

Institutions of higher learning are
currently facing the challenge of
attracting new students who can
effectively meet their diverse academic
demands. With these demands come the
need for those institutions to develop
strategies that can enhance students’
learning experiences at various
educational levels. Predicting the
academic success at an early stage
would allow academic institutions to
develop specific enrolment guidelines
while avoiding poor performance.
Traditional methods of assessing
s tudent performance, such as
standardized tests and course grades,
have several limitations. These methods
often rely on summative assessments
that provide retrospective insights into

students’ abilities but offer limited
predictive power regarding future
performance. Moreover, traditional

assessments may not capture the full
spectrum of students' skills, knowledge,
and competencies, leading to
incomplete or biased evaluations.
Furthermore, traditional methods may
overlook non-academic factors that
influence student performance, such as
socio-economicbackground
motivation, learning style, and mental
health. Failing to account for these
factors can result in inaccurate
predictions and missed opportunities
for intervention. Additionally,
traditional assessments are often labour-

intensive, time-consuming, and subject
to human biases, making them less
scalable and efficient for large-scale
predictive modeling tasks.

Predicting student performance holds
significant implications for both
students and educational institutions,
For students, early identification of
academic challenges can lead to timely
support interventions, personalized
learning experiences, and improved
outcomes. By identifying struggling
students early on, educators can provide
targeted interventions, such as tutoring,
counseling, or additional resources, to
address academic difficulties and
preventdropout.

2.0 Methodology

Relevant data containing information
about the features that are associated
with the assessment of the academic
performance of students was collected
from the departmental records.

2.1 Research Framework

The study collected data containing
information about the various features
thatareassociated with the
classification of the academic
performance of students of the
department of computer science, Tai
Solarin University of Education, ljagun,
The data collected was subjected to a
number of preprocessing techniques
with the purpose of presenting the
dataset in a manner that would be
acceptable by the predictive modeling
scheme considered in this study. The
preprocessing techniques adopted in the
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study included the removal of personal
data about students such as their names
and matric number. Additional
preprocessing techniques involved the
conversion of the categorical variables
that were stored using string-type values
into integer-type numerical values such
that each value was mapped uniquely to
each categorical label of their respective
variables. This was necessary as deep
learning algorithms are suited to the
manipulation of numerical values thus,
they are not suited to the manipulation
of data stored in string type data.

The dataset was subjected to feature
selection for the purpose of extracting
the most relevant features that are
important for assessing credit
worthiness. These features are expected
to provide a generate a better
understanding of the relationship
between the features and the target class
compared to the initially identified
features that were fed to the machine
learning algorithms. The performance
of the predictive models for the
classification of the academic
performance of students that was
generated using the relevant features
generated by the feature selection
method and the model generated by the
ensemble models were then compared.

The development of the predictive
model was achieved with the use of the
hold-one-out method such that a larger
proportion of the dataset was adopted
for training (building) the predictive
model while a smaller proportion of the
dataset was adopted for testing
(validating) the predictive model. This

was done with the use of varying
proportions of the training and testing
datasets which were evaluated and
compared based on a number of
performance evaluation metrics. The
performance evaluation metrics that
were adopted for the evaluation of the
predictive models based on the testing
datasets were, namely: accuracy, true
positive rate, precision and the f1-score,
The predictive model with the best
performance was selected following
which it was integrated into a web-
based implementation of prototype
system.

Table 1 provides a description of the
features that were considered for the
classification of academic performance,
The features in the dataset collected
were subjected to feature selection
using the mutual information method.
The ensemble model for the
classification of academic performance
was formulated using a number of
machine learning algorithms based on
information about the features.
Predictive models were simulated by
using the holdout method based on 5
simulation runs for each machine
learning algorithm such that the training
dataset was used to build the model
using the Google Colaboratory; a
Python jupyter notebook for Gmail
users. The models were evaluated using
on a number of performance metrics,
namely: accuracy, true positive (TP)
rate, false positive (FP) rate, precision
and f-measure based on the test dataset.
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Tablel: Identification of features associa

d with credit worthiness

Class of VVariable | Name

Label values

Socio- Gender Categorical (Male, Female)
Demographic — ——
Information Age at Admission Numeric — Integer type

State of Origin

Categorical

English

Numeric — Integer Type

UTME Results Mathematics

Numeric — Integer Type

Chemistry Numeric — Integer Type
Physics Numeric — Integer Type
English Numeric — Integer type

Mathematics

Numeric — Integer type

Chemistry Numeric — Integer type
ggg[‘:_';’l Results I "ppvsics Numeric — Integer type
Biology Numeric — Integer type
Agricultural Science Numeric — Integer type
Geography Numeric — Integer type
Economics Numeric — Integer type
Further Mathematics Numeric — Integer type
Technical Drawing Numeric — Integer type
100 Level | First Semester CGPA Numeric — Float type
Results

Second Semester CGPA

Numeric — Float type

Target Class Graduating Class of D

Categorical (First Class, Second Class
Upper, Second Class Lower, Third Class)

3.0 Results/Discussions.

Results of the Simulation of
Predictive Model
This section presents the results of the
application of the three machine
learning algorithms, namely support
vector machines (SVC) and decision
trees (DT) classifiers. The model
simulation was conducted by splitting
the dataset into two parts, train and test
dataset using five simulations such that

50/50, 60/40, 70/30, 80/20 and 90/10
percent of the dataset was adopted for
training/testing the predictive model,
Table 2 shows the number of records
that were adopted for each simulation
that were considered in this study. As
stated earlier, the train datasets were
used to build the predictive model while
the test data were used to evaluate the
performance of the predictive models
based on a number of performance
evaluation metrics.
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Table 2 Description of the number of records adopted for training and testing
predictive models across five simulatians.
Train Data Test Data
SImulation® =1 5T First | Third | Total | 2.4 | 2.2 | First | Third | Total
Simulation1 | 28 | 19 | 3 11 61 | 15| 12| 9 14 50
(50/50)
Simulation2 | 32 | 21 | 4 14 71 |11 7] 11 11 40
(60/40)
Simulation3 | 37 | 26 2 16 81 6 8 9 7 30
(70/30)
Simulation4 | 42 | 31 3 15 91 5 6 4 5 20
(80/20)
Simulation5 | 49 | 38 4 20 101 1 4 2 3 10
(90/10)

Figure 1 shows the confusion matrices
that were used to interpret the results of
the evaluation of the two machine
learning models adopted in simulation 1
based on the test dataset. Using SVM
classifier, it was observed that all 15
actual second-class lower records were
correctly classified, all 12 actual
second-class lower records were
correctly classified, all 9 actual first-
class records were correctly classified
and all 14 actual third-class records
were correctly classified owing to an
accuracy of 100.0%.

confusion matrix

Actual

. ) .-

P:edncted

Conliusion matrnix

kct\.-al

P'ed cted

Figure 1: Confusion matrices for the
evaluation of, support vector machines
(left) and decision trees (right) for
simulation 1.

Figure 2 shows the confusion matrices
that were used to interpret the results of
the evaluation of both machine learning
models adopted in simulation 2 based
on the test dataset. Using SVM
classifier, it was observed that all 11
actual second-class lower records were
correctly classified, all 7 actual second-
class lower records were correctly
classified, all 11 actual first-class
records were correctly classified and all
11 actual third-class records were
correctly classified owing to an
accuracy of 100.0%.
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Figure 2: Confusion matrices for the
evaluation of support vector machines
(left) and decision trees (right) for
simulation 2.

Figure 3 shows the confusion matrices
that were used to interpret the results of
the evaluation of both machine learning
models adopted in simulation 3 based
on the test dataset. Using SVM
classifier, it was observed that all 6
actual second-class lower records were
correctly classified, all 8 actual second-
class lower records were correctly
classified, all 9 actual first-class records
were correctly classified and all 7 actual
third-class records were correctly
classified owing to anaccuracy of 100.0

conluzsion matrix

Actual

Predicted

confzsion matrix

:‘p.:‘redlcte'd.ﬂ
Figure 3: Confusion matrices for the
evaluation of support vector machines
(left) and decision trees (right) for
simulation 3.

Figure 4 shows the confusion matrices
that were used to interpret the results of
the evaluation of both machine learning
models adopted in simulation 4 based
on the test dataset. Using SVM
classifier, it was observed that all 5
actual second-class lower records were
correctly classified, all 6 actual second-
class lower records were correctly
classified, all 4 actual first-class records
were correctly classified and all 5 actual
third-class records were correctly

classified owing to an accuracy of
100.0%
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Figure 4: Confusion matrices for the
evaluation support vector machines
(left) and decision trees (right) for
simulation 4.

Figure 5 shows the confusion matrices
that were used to interpret the results of
the evaluation of both machine learning
models adopted in simulation 2 based
on the test dataset. Using SVM
classifier, it was observed that all 1
actual second-class lower records were
correctly classified, all 4 actual second-
class lower records were correctly
classified, all 2 actual first-class records
were correctly classified and all 3 actual
third-class records were correctly
classified owing to an accuracy of
100.0%.

confusion matrix

g |
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Figure 5: Confusion matrices for the
evaluation of support vector machines
(left) and decision trees (right) for
simulation 5.
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based on performance metrics.

Table 3: Results of the evaluation of the predictive models across five simulations

Simula | Algori | Corr | Accu Precision

Recall F1-Score

tion# thm ect racy | 2. | 2

rds

Fi

ni| 2. (2 | Fi [Thi| 2 | 2. | Fi | Thi
Reco | (%0) 1| 2] rst 0

1| 2 frst|rd| 1| 2 |rst| rd

Simula

00 | 00

tion 1 SvC 50 1000 1. [ 1. | 1.0

0|00 0| olooloo| ol 0

80 | 91

DT 44 88.0( 0. 0. |08

80|83 9| 0 |s0|s87| 9] 7

Simula

00 | 00

tion 2 SvC 40 1000 1. [ 1. | 1.0

0|00 0| olooloo| ol 0

70 | 64

DT 32 800| 0.]0. |10

64| 00| 3| 1 |67|78| 4| 1

Simula

00 | 00

tion 3 SvC 30 1000 1. [ 1. | 1.0

0|00 0| olooloo| ol 0

75| 78

DT 25 800 0.]0. |10

50/8| 9| 0 |60|82| 4] 8

Simula

00 | 00

tion 4 SvC 20 1000 1. | 1. [ 10

0|00 0| o looloo| ol 0

80 | 83

DT 18 90.0{ 0. | 0. |10

80|83/ 0| 0 ls0|8| 0] 0

Simula

00 | 00

tion 5 SvC 10 1000 1. (1 (LO|10 |1 |1 (1010|121 |1 |]10] 10

0|00 0| olooloo| ol 0

50 | 00

DT 9 900({ 0.1 |10(10|1 (0. |10{10|0. |0 |10 10

0|75 0] o |67|8s| 0] 0

4.0 Conclusion
The study examined the factors and
features to be considered while
predicting the academic performance
of students, also the study examined the
performance of two machine learning
algorithms: Support Vector Machine
and Decision Tree, in classification and
predicting the performance of students.
The datasets were obtained from the
Department of Computer Science Tai
Solarin University of Education. The
model simulation was conducted by

splitting the dataset into two parts, train
and test dataset using five simulations
such that 50/50, 60/40, 70/30, 80/20 and
90/10 percent of the dataset was adopted
for training/testing the predictive
model. The study concluded that
machine learning models are very
effective in the classification of the
academic performance of students,
especially the Support Vector classifiers
that out-performed the Decision Tree
with 100% accuracy.
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5.0 Recommendation
This study recommends that future
study should be performed in order to
determine the impact of feature
importance on the performance of
machine learning algorithms adopted
for the classification of academic
performance among students. Also,
there is a need to consider the use of a
dataset which a larger dimension and
size in order to be able to explore more
deeply other underlying factors that
may influence the classification of the
academic performance of students,
Future work can be focused on the
development of an information system
which can integrate the functionality of
the predictive model for providing
decision support especially in areas
where there is a lack of academic
experts.
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1. Introduction

Lutze (1986) emphasised the usefulness
of pore density (PD) and pore size as
diagnostic features for the identification
of several species of foraminifera;
however, only few publications (e.g
Finlay 1983; Glock etal. 2011; Moodley
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and Hess 1992; Kuhnt et al. 2013) have
discussed the functionality of these
pores, and examined whether they are
important for the survival of benthic
foraminifera in their microhabitat.
Earlier publications examined the
microstructure of the pores, which are



mailto:adeyinka.aturamu@eksu.edu.ng

Vol.9 Issue 2, 2024 Eki

i Stai

iversity Journal of Science and Technology (EJST) =

often covered by sieve-like micro
porous organic plates (Arnold 1954a,
1954h), or by one or more organic layers
( Sliter 1974 ; Berthold 1976 ;
Leutenegger 1977). Though several
terms have been given to these pores,
including “pore diaphragms”, “sieve
plates”, “pore plugs”, “dark discs”, and
“pore plates”, only a few studies have
investigated their ability to enable
dissolved materials to pass into the
cytoplasm of foraminiferal cells. The
pores may function to promote the
uptake of oxygen and in return release
CO, as a by-product of respiration
(Berthold 1976; Leutenegger 1977). It
has also been demonstrated that certain
benthic foraminifera (e.g. Bolivina
pacifica) that are tolerant of low
oxygen, have their cell mitochondria
more abundant near the pores, relative
to those species that occupy relatively
well-oxygenated waters. This suggests a
relationshipbetween pores,
mitochondriaandrespiration
(Leutenegger 1977; Sen Gupta and
Machain-Castella 1993). Bernhard and
Alve (1996) showed that in some of
these benthic species, mitochondria
move through the cytoplasm and
pseudopodia, and were concentrated in
the apertural cytoplasm.

Overall morphological characteristics
of the benthic foraminiferal test have
also been suggested to relate to varying
oxygen levels in seawater (Rathburn
and Corliss 1994; Kaiho 1994): these
include: changes in test size of
individual species (Sen Gupta and

Machain-Castillo 1993; Kaiho 1994);
and intra-species changes in test
morphology such as pore density and
ornamentation (Perez-Cruz and
Machain-Castella 1990; Glock et al.
2011; Kuhntetal.2013),
Morphological and abundance
reactions of benthic foraminifera to
their immediate environment are
extensively used as proxies for
palaeoceanographic and
palaeoecological reconstructions,
involving assessments of organic flux to
the sea bed (e.g. Lutze 1980; Lutze and
Coulbourn 1984; Lutze et al. 1986;
Caralp 1984, 1989; Carney 1989;
Jorissen et al. 1992; Gooday 1993;
Kaiho, 1999; Den Dulk et al. 2000;
Fontanier et al. 2002, 2006) or oxygen-
level (e.g. Kaiho 1991, 1994, 1999b;
Den Dulk et al. 2000, Glock et al. 2011,
Kuhnt et al. 2013). Sea floor
oxygenation depends mainly on factors
that include the original dissolved
oxygen-level, and the amount and
guality of organic matter available at the
seafloor (Jorissen et al. 1995: TROX
model fig. 3.2). Because of the
difficulties in differentiating changes in
oxygenation and organic matter influx
to the sea floor, Kuhnt et al. (2013)
considered it difficult to use assemblage
data alone to decide on changes in
water-mass oxygen content or organic
influx to the sea floor; this remain a
challenging area of foraminiferal
studies. It has been suggested that in
oxygen- depleted habitats, low
metabolic rates decrease the secretion of
calcite by benthic foraminifera, thereby|
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resulting in the production of thinner,
less-ornamented and more-porous tests
(Kaiho 1994; Bernhard 1986; Rhoads
and Morse 1971). This pattern seems to
indicate that species of benthic
foraminifera from oxygen depleted or
oxygen deficient habitats should show
moderately high porosity, pore-
densities and larger pore-sizes, which
set these benthic foraminifera aside as
low-oxygen indicators based on their
morphology.

In a more recent effort to unravel
environmental influences on the pore
density of Bolivina spissa (Cushman),
including water-depth, temperature,
bottom-water oxygen and nitrate
concentrations, Glock et al. (2011)
suggested that the pores in the test of B.
spissa reflect intracellular nitrate
respiration, and that B. spissa switches
from oxygen to nitrate respiration when
oxygen concentrations are depleted.
The ability to store nitrate inside the
cells and to switch to nitrate respiration
in times when less or no oxygen is
available has been documented for
several benthic foraminiferal species
(Risgaard-Petersen et al. 2006;
Hagslund et al. 2008; Glud et al. 2009;
Pifia-Ochoa et al. 2010). All these
investigations point to the possibility of
using PD and pore size as proxies for
changes in bottom water oxygenation
(Kender. et al., 2019)

In a laboratory investigation, Moodley
and Hess (1992) demonstrated that
Ammonia becarri (Linné) shows an

Increase In pore-size and higher
porosity on the chambers formed under
low oxygen (dysoxic) conditions,
possibly as a coping strategy to
decreased oxygen (Corliss 1985).
Leutenegger and Hansen (1979)
observed that concentrations of
mitochondria below the inner pore
entrances in benthic foraminifera point
to a pore function related to respiration
(gas exchange). A more recent study on
the relationship between PD in benthic
foraminifera and bottom-water oxygen
content by Kuhnt et al. (2013) on
Bolivina pacifica and Fursenkonia
mexicana (both deep infaunal species)
shows an inverse correlation between
PD and bottom water oxygen content,
which suggest that both species may
have increased their pore numbers to
improve the ability of oxygen uptake in
dysoxic environments or intervals. In
this study, changes in the PD of the test
on the same benthic foraminifer species
(B. spissa) were compared downcore,
across an interpreted varying oxygen
gradient (BW-O, based on other
proxies) to see how interpreted BW-0,
influences the PD.

This study examines B. spissa from 6
horizons determined to indicate
different BW-O,based on sedimentary
characteristics (laminated and non-
laminated intervals) and faunal
assemblages. It tests the veracity of the
PD method in B. spissa as a means of
estimating bottom-water oxygen
concentration (BW-0,).
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1.1 Infaunal foraminifer preference
for low oxygen conditions

Studies on sedimentary basins with low-
oxygen bottom water off the California
coast (Phleger and Soutar 1973;
Douglas and Heitman 1979) and on
sapropels from the Mediterranean Sea
(Parker 1958), were amongst the first
studies that recognised that ancient, as
wellas recent, low oxygen
environments were inhabited by
specific benthic foraminiferal
assemblages. Deep- sea benthic
foraminifera tend to live across a depth
gradient, from 1 to 10 cm, where oxygen
becomes increasingly deficient from the
surface downwards (Jorissen et al.
2007). The Trophic Oxygen (TROX:
fig. 1.2) model of Jorissen et al. (1995)
explains the benthic foraminiferal living
depth in terms of availability of food
and oxygen concentration. The depth in
the sediment down to which organisms
can live is determined by oxygen
availability, and in the presence of
oxygen, the vertical distribution of
organisms is controlled by food
availability (Jorissen et al., 1995).

Abundant foraminifera have been
reported from low-oxygen
environments (Schumacher et al. 2007,
Sen Gupta and Machain-Castillo 1993,
Douglas and Heitman, 1979, Phleger
and Soutar 1973, Smith 1964b); these
have a characteristic taxonomic
composition, and are dominated by
bolivinids, buliminids, globobuliminids
and some other taxa when oxygen
concentration falls below 1ml/I

(Bernhard 1986; Sen Gupta and
Machain-Castillo 1993; Bernhard and
Sen Gupta 1999). Differences in
dissolved oxygen concentrations and
organic carbon supply at the sediment-
water interface play a major role in the
controlof deep sea benthic
foraminiferal assemblages and their
morphological characteristics as
reflected in benthic foraminiferal test
size, thickness and porosity (e.g. Kaiho
1994; Thomas and Gooday 1996; Kuhnt
et al. 2013). Many elongated,
commonly biserial or triserial taxa, have
been described as being abundant at
very low oxygen concentrations; it has
been suggested that their morphology
also corresponds to an infaunal
microhabitat (Corliss and Chen 1988;
Corliss and Fois 1990; Corliss 1991),
although this is not always supported
(Jorissen et al. 2007).

Two groups of taxa with different life
strategies have been shown to evolve
after the disappearance of less resistant
taxa at low bottom-water oxygen
concentrations: the deep infaunal taxa,
at the onset of low-oxygen conditions in
bottom water, migrate from the deeper
sediment layers to the sediment surface
(Jorissen 1999); whilst the epifaunal or
shallow infaunal taxa that have inherent
tolerance for low-oxygen conditions
( Jorissen 2007 ), then become
established at the seabed. No
foraminiferal species appear to be
adapted exclusively to low-oxygen
conditions (Sen Gupta and Machain-
Castillo 1993); according to Murray|
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(2001), foraminifera generally only
start to become impacted by oxygen
levels when concentration values of
dissolvedoxygenfall below
approximately 1 ml/l: above these
levels, there will be no correlation
between oxygen and the composition of
the faunas. Often, a few taxa are
considered indicative of low-oxygen
conditions; the relative abundance and
test morphology of such species and
their relative abundance in the entire
calcareous fauna were expressed as a
percentage of the total benthic
foraminiferal fauna and is used as a
semi-quantitative indication of bottom
water oxygenation (Jorissen et al. 2007;
Schumacher et al. 2007)

Expedition 323 Scientists (2011)
reported that laminated intervals at
Bowers Ridge, Bering Sea, are possibly
indicative of the local depth of the
oxygen minimum zone (Kender et al.,
2019), which reduced the effects of
infaunal burrowing and bioturbation. At
Site U1342, ~71 to 100% infaunal
species were recorded at horizons that
correlate closely with laminated
sedimentary intervals. This is in line
with Jorissen et al. (1995), who
suggested that deep infaunal taxa often
considered indicative of low-oxygen
conditions, are only present when the
organic flux is significantly high (giving
rise to the dark coloration that is
associated with laminated intervals).
The flux of organic material is respired
by organisms at the sea bed, and this
leads to a decrease in dissolved oxygen

In the ambient waters (Jorissen et al.
1995).

In summary, oxygen concentrations are
thought to have a direct influence on the
faunal composition only in areas where
bottom water concentrations become so
low (less than or equal to 1 ml/I; Murray,
2001) that this causes reduced
competitive ability and/or reproductive
ability of taxa in the environment. In
such cases, taxa less resistant to reduced
oxygen disappear, giving room for deep
infaunal taxa and denitrifiers to rise to
the surface, as these are well adapted to
low oxygen conditions (Jorissen, 1999).
In this study, we use the percentage deep
infaunal taxa to the entire assemblage as
a semi-quantitative proxy for BW-O.,.
Although the dominance of this group
(e.g. above ~70%: Schumacher et al.
2007) is thought to be a response to
oxygen levels below 1 ml/l, there is as
yet no known direct way of calculating
dissolve oxygen level from infaunal
percentage alone.

1.2 Materials and methods
Bolivina spissa were analysed from
core sediments recovered by I0DP
Expedition 323 (Expedition 323
Scientists 2009), at ~ 818 m water depth
from Site U1342 on the Bowers Ridge
Bering Sea (fig. 1). Sediments from the
depth interval between 0 and 11.13 m
were analysed. On Bowers Ridge, an
average sedimentation rate of 4.5
cm/kyr is documented (Expedition 323
Scientists 2011). Sediments from this
site comprise predominantly biogenic
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(mainly diatom frustules with varying
proportions of calcareous nannofossils,
foraminifers, silicoflagellates, and
radiolarians), siliciclastics (mainly silt
and very fine sand, and also isolated
clasts of pebble to cobble size), and
volcaniclastic (mainly fine ash)
material. The most prominent
sedimentary features are decimetre to
metre-scale bedded alternations of
sediments, together with variation in
colour and texture. Sediments from Site
U1342 are generally bioturbated; fine-
scale lamination, preserved alternations
between millimetre-scale laminae of
biogenic and terrigenous material are
also present (Expedition 323 Scientists
2009). In general, the colour of the
sediment ranges from very dark
greenish grey and dark grey, to
biogenic-rich olive grey to olive, with
dark grey to black or shades of light
grey, to white ash layers (Expedition
323 Scientists 2011). Samples used for
this study were collected from the Kochi
Core Centre, Japan in 2010, and were
processed (freeze-dried and wet-sieved
over 62-um to liberate the microfossils)
in Prof. Christina Ravelo's laboratory at
the University of California, Santa
Cruz.

Figure 1. Bathymetric map of the Bering Sea,
with the marked location of Site U1342 (red
dot) on the Bowers Ridge, Southern Bering
Sea (adapted from Expedition 323 Scientists
2011), is the source of Bolivina spissa
specimens used in this study.

Subdivision of benthic foraminifera
into microhabitat and oxygen indicator
groups (Table 1), carried out in
accordance with the study on variations
of the OMZ of the Okhotsk Sea of
Bubenshchikova (2010) and other
studies (Kaiho 1994; Jorissen et al.
2007; Glock et al. 2011), would suggest
that B. spissa is tolerant of dysoxic
waters (typical of 0.1 to 0.3 ml/l of
dissolved oxygen in seawater) and is
deep infaunal. This classification also
places Bolivina pacifica and
Fursenkonia mexicana (also used in the
study by Kuhnt et al. 2013), as dysoxic
and deep infaunal species. B. spissa has
been shown to be very tolerant to
variations in o0xygen concentration
(Bernard et al. 2001), and can survive in
anoxic waters (Bernhard and Bowser
2008); this makes B. spissa a suitable
candidate for this study of PD versus
variable BW-O,,.

Table 1. Core U1342 benthic foraminifer's
microhabitat preference and characteristics in
accordance with consistent groupings in some
selected studies (Corliss and Chen 1988;
Gooday 1988; Thiel et al. 1989; Corliss 1991;
Steinsund et al. 1994a, 1994b; Kitazato and
Ohga 1995; Licari et al. 2003; Risgaard-
Petersen et al. 2006; Hggslund et al. 2008;
Ivanova et al. 2008; Bubenshchikova et al.
2008; Alve 2010 Glock 2011).
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The qualitative method used to infer
oxygenation from assemblages in this
study is based on the Kaiho (1994)
ecological groupings and the Jorissen et
al. (1995) conceptual model for BW-O,,.
Unlike Kaiho (1994), we use the relative
abundanceof deep infaunal
foraminifera expressed as a percentage
of the total benthic foraminiferal fauna
in the samples, and these values are used
as a qualitative measure of BW-0, at
various depths (Table 2). This is because
the Kaiho (1994) oxygen index (the
calculation to convert faunas to oxygen)
has received some criticism (Murray,
2001, Jorissen et al. 2007). According to
the TROX-model (Trophic-Oxygen-
Microhabitat-Reaction) of Jorissen et

Dligntrnphici Me

al. (1995), foraminiferal microhabitat in
oligotrophic ecosystems is limited by
availability of food particles within the
sediment, whereas in eutrophic
systems, a critical oxygen level decides
to what depth in the sediment most of
the species can live. In mesotrophic
areas, microhabitat depth is of
maximum importance (fig. 2). The
more organic carbon influx into the
water column leads to more carbon in
the deep infauna; this invariably lowers
the dissolved oxygen content of the pore
water due to respiration. However, the
main distinction in microhabitat
characteristics is that between epifaunal
and infaunal organisms (Jorissen et al.
1995).

ophic 1 Eutrophic

Depth in sediment

Figure 2. TROX (Trophic Oxygen)-mo
depth (shaded area) in terms of availab
Jorissen et al. 1995).
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Among the deep infaunal benthic
foraminifera species recorded at Site
U1342 are Globobulimina spp.,
Bulimina exilis, Fursenkoina aff.
texturata, Bolivina spissa, Brizalina
alata and Brizalina earlandi. Oxygen
levels were qualitatively estimated from
the percentage abundance of deep
infaunal species against the total
percentage abundance of faunas at
various depths, by assigning benthic
foraminiferal species into groups
following Kaiho's (1994), and their
microhabitats in accordance with the
regional faunal study of
Bubenshchikova (2008) where species
occur. Where species do not occur, the
living depth was assigned based on
morphologically similar species. As an
independent measure of oxygenation,
sedimentary layers with bioturbation
are considered to represent higher
concentrations of oxygen in bottom
waters (depending on the degree of
bioturbation involved), as benthic
invertebrates invade sediment laminag
in aerobic conditions (Kaiho 1991).
Expedition 323 Scientists (2011)
suggest that stratigraphic intervals
where there is lamination are possibly
indicative of the local depth of the
OMZ; relatively high percentages of
infaunal species (shallow and deep
infaunal) recorded at these depths
further suggest that the laminated
intervals are associated with low
oxygen horizons.

Sampling Procedure
All B. spissa specimens were targeted

from each of the 24 samples (i.e from six
horizons) at different depths analysed
down the studied interval. On Bowers
Ridge, an average sedimentation rate of
4.5 cm/kyr is documented (Expedition
323 Scientists, 2011), this suggests a
deposition rate of 2 cm per ~444 years
(narrowest thickness where specimens
were taken for this study: Table 2). A
total of 227 Bolivina spissa (Cushman
specimens were picked from some
depths within the 11.15 metres of core
sampled for this study; out of which 121
megalospheric specimens (from sexual
reproduction) were analysed. Due to the
different morphologies in the test of
megalospheric and microspheric
specimens of B. spissa, there is a
considerable difference in the PD
between the sexually and asexually
produced forms: the megalospheric
specimens consistently show increasing
PD from earlier to later chambers, and
therefore this parameter can be more
readily quantified in these forms (Glock
etal. 2011).

The megalopsheric specimens equate to
~53% of the total B. spissa from the
studied interval (0 to 11.15 m). These
specimens are sourced from 24 samples
at different depths. The sampling
strategy was influenced by the
occurrence and paucity of B. spissa in
the 11.15 metres of core sampled.
Geological samples used for
paleoceanographic reconstructions are
always time-averaged, relatively low
resolution, and contain a mixture of
faunas that inhabited the site during
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(possibly) several decades or longer.
Such samples will not always capture
precise fluctuations in O,-levels at the
sea bed. In order to make best use of the
number of specimens studied and to
negate some of the effects of time
averaging, in most cases several
samples (in succession) are grouped
into a composite interval where the
sedimentological and paleontological
signature of that interval indicates a
consistent environment (low oxygen
versus more oxygenated levels; Table
2).

The total percentage of deep infaunal
species (based on the morphology
criteria of Kaiho 1994, and oxygen-
related benthic foraminiferal groups
according to the classification of
Bubenshchikova 2008) in the sediment
at sampled depths has been used as the
primary proxy for BW-0O, conditions.
Percentage abundance of deep infauna
at various intervals was -calculated
following this strategy. The 24 samples
with B. spissa were grouped into 6
defined intervals (Table 2).

1) Sourced from a 2 cm interval
beginning at depth 0.00 m, and
representing unlaminated sediment
characterised by a benthic fauna
interpreted to signal low oxygen (viz
44.56% deep infauna).

2) Sourced from a 2 cm interval
beginning at 0.25 m, and representing
laminated sediment characterised by a
benthic fauna thought to signal dysoxia

(viz 78.77% deep infauna).

3) Sourced between 0.38-2.42 m, an
interval from which 16 samples have
been assessed, all of these representing
unlaminated sediments with a benthic
fauna that consistently signal well-
oxygenated conditions (viz 1.50 % to
7.60 % deep infauna); only 6 of these
samples where B. spissa is present were
analysed, each sample varying from
between 2 to 4 cm thickness of
sediment.

4) Sourced between 2.54-2.69 m,
comprising 2 samples within an
unlaminated interval with a benthic
fauna that signals consistently well-
oxygenated conditions (viz 25.30% to
26.30 % deep infauna), each about 4 cm
thick.

5) Sourced between 3.88-8.36 m, an
interval from which 38 samples have
been examined and representing an
unlaminated interval with a benthic
fauna that signals consistently well-
oxygenated conditions (viz 0.70% to
15.50 % deep infauna). Here, 12 of the
samples (where there are >1 B. spissa
specimen) from this interval were
analysed for B. spissa, each sample
varying between 2 to 3 cm thickness of
sediment.

6) Sourced from the lowermost interval
between 10.98-11.15 m, and comprising
of 2 samples, 2 and 4 cm thick
respectively. This represents an
unlaminated interval with a benthic
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fauna that signals consistently dysoxic
conditions (viz 55.20% to 95.50 % deep
infauna).

Foraminiferal fragmentation through
the 6 intervals was determined by
quantifying the ratio of broken and/or
dissolved specimens (fragments) to the
ratio of whole specimens (not broken)

A B

fcm

Figure 3 Representative, intervals from
the upper 11.13 m of the core at IODP
Site U1342, Bering Sea. Laminated,
organic-rich intervals (‘A'. taken from
0.25 m depth) are considered to signify
low-oxygen bottom conditions and are
typically associated with benthic

of benthic foraminifera at each of the
intervals (Appendix 5). Percentages of
fragmentations were then determined
from the wvalues. The degree of
fragmentation has been used as a
qualitative proxy for dissolution
(Metzler et al. 1982; Thunell 1976;
Berger 1970).

foraminiferal assemblages that have a
deep infaunal signature. Bioturbated
levels ('C': intervals taken from 1.28 m
depth) indicate an oxygenated sea bed
'B' shows the transition between two
different sea bed oxygen states (0.29-
0.38 m). Scale bar is 1 centimetre.
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Table 2. Sample depths and composite i
benthic foraminifera and the percentag
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Specimen preparation
pore ultrastructure; this enables clear
B. spissa specimens were gently cleaned focus, identification, and counting of
in an ultrasonic bath, mounted on the pores afterwards. To compensate for
aluminium stubs and coated with gold. charging effects on some of the
Specimens were imaged using a Hitachi specimens, the SEM partial vacuum
S-3600NScanning Electron mode was activated. It has been noted
Microscope (SEM). Magnifications of that PD increases within a single B.
up to 700 times have been used to image spissa test from the early to the later
36
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chambers (Glock et al. 2011) which was
also observed here. Therefore, as a way
of calibration and uniformity, the first
few chambers (up to 10) on B. spissa
were imaged. PD was quantified for an
area of 10,000 pm* on one side of each

B. spissa test within the first ten
chambers (i.e. first 5 pairs) from the
SEM photographs (Plate 2). PD is
expressed as pores per pum* (P/um?) of
the area measured.
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Plate 2 Showing pore density and
general morphology of Bolivina spissa.
A. Shows a typical specimen from a
laminated sedimentary interval; while
B. is a specimen from a bioturbated
interval. Note the findings in this study
indicate there is no significant
difference in the PD between specimens
from levels interpreted to have different
oxygen levels.

Statistical approach
Simple linear-plots (cross-plots) of PD

values on B. spissa specimens versus
percentage deep infauna (as proxy for
BW-0,) as determined from 6 defined
intervals, including 3 determined as
representing low oxygen (including one
laminated interval), and 3 more
oxygenated (non-laminated), are used to
assess the relationship between PD and
BW-O, (fig. 4).

Various percentile values of PD on B.
spissa from these intervals were
determined (Table 3). Box and whisker
plots have been constructed from the
percentile values to quantify the

relationship between the PD and the
BW-O, conditions without making any
assumptions of the underlying
statistical distributions (fig. 5).
Calculated BW-O, from the PD of
Bolivina spissa (after equation in Glock
et al. 2011: p. 28, fig. 7 A) versus
interpreted BW-O, from faunal
assemblages was plotted (fig. 6).

3.3 Results
Table 2 summarises the number of
specimens yielded from the 6 defined
sample intervals, and presents
sedimentological and faunal evidence
for their interpretation as well-
oxygenated or poorly oxygenated
intervals.

Pore counts between specimens of B.
spissa range from 13 to 104 pores per
10,000 pm’. Calculated mean pore
values vary from 0.0045 P/um’ to
0.0056 P/um’ (Table 3.4: lowest PD =
0.0013 P/um’* highest PD = 0.00104
P/um?) on the first 10 chambers of all B.
spissa specimens analysed across the
six intervals. Calculations were made to
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find the different percentile value of B
spissa PD through the sampled intervals
(Table 3); box and whisker plots were
constructed to statistically and visually
analyse the data spread (fig. 3.5). The
lowest median PD value being 0.0045
P/um’ is recorded from interval 4,
showing 26.05 % deep infauna
foraminiferal species (2.54-2.64 m).
The median PD value of 0.0050 P/pum?
recorded from laminated interval 2

Pore density fgen
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Figure 4. Linear plot of PD (vertical
axis) on the test of B. spissa specimens
from laminated (Interval 2: identified
by the oval shape) and non-laminated
intervals (1, 3, 4, 5, 6), versus the
percentageofdeep infaunal
foraminifera (horizontal axis, used as a
relative proxy of seabed oxygen level,
with oxygen level interpreted to be
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(0.25 m: 78.90% deep infaunal species),
whilst the highest median PD value of
0.0056 P/um’ is recorded from interval
5 (3.88-8.36 m: 3.60% deep infaunal
species) indicating an interval with
increased oxygenation (Table 3).

Analysis of B. spissa PD versus
estimated BW-O, from various
sedimentary horizons at Site U1342
shows no correlation (fig. 4).

p infaunal species

decreasing from left to right in the
figure). A total of 121 B. spissa
specimens were measured down core,
being a subset of the total specimens in
the samples. Horizontal axis shows the
percentage of associated infaunal
speciesateachinterval
(Bubenshchikova et al. 2008).
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Figure 5 Box and whisker plots
(statistically and visually showing the
data spread) for PD variation in B.
spissa from intervals 1 to 6: laminated
interval 2 (enclosed in box) and non-
laminated intervals (1, 3, 4, 5, and 6).
Pore density (P/um?) is on the vertical
axis; average percentage of deep
infaunal foraminifera at each interval
(indicating relative oxygen level at such
interval) is noted. Green shade: PD
range from 25th percentile to 50th
(median) percentile; purple shade: PD
range from median percentile to 75
percentile.

Analysis of PD data using box and
whisker plots enables visual and
statistical analysis of the data spread,
which shows high variation in PD for
the 121 specimens, with between 7 and
44 specimens analysed from each of the

six intervals. Mean PD values for all the
specimens vary between 0.0045 P/um’
and 0.0056 P/um*(Table 1). Half of the
PD values are distributed between the
25"and 75" percentile (fig. 5), while the
outliers are indicated in the total PD
range. Thus, for interval 1, the PD
values fall between 0.0055 P/pm’
(median PD) and 0.0069 P/um?’ (i.e. the
spread is almost evenly distributed
between the 50" (median) and 75"
percentile); ~60% of B. spissa
specimens at this interval have PD
between 0.0055 P/um* and 0.0069
P/um’. For laminated interval 2, the
median PD values are 0.0050 P/um’,
Generally, the PD values do not show
any significant correlation with
interpreted BW-O, (figs. 4 and 5).
Generally,consistently low
percentagesof foraminifer
fragmentation are recorded through the
6 intervals studied (Table 5).
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CMH| 2105 (120 4 | 254-264 | 0.0023 =50 0.004 =50 0.0045 =510 00048 =50 | 00072 ~-21
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Table 4 Sampled intervals from Core U1342; pore counts and percentile distribution of PD in this study; interval 2 is
laminated; total interval studied is 11.13 m. PD from three of the intervals studied (intervals 1, 3 and 5) have their
median PD corresponding to the Peruvian OMZ BW-O,below ~5.0ml/I (Table 2); PD from the other intervals (2, 4 and
6) corresponds to BW-0O, above ~5.0ml/l at Peruvian OMZ (Glock et al. 2011).
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3.4 Discussion
Overall, there appears to be no regular
pattern in the distribution of PD on the
tests of B. spissa from the different
interpreted oxygen levels at site U1342.
Indeed, an anecdotal reading of the data
in figure 3.4 and 3.5 suggests that B.
spissa may have more pores on its test in
oxygenated settings, than in low-
oxygen microhabitats. Several
explanations can be posited for the
apparent mismatch between PD and
interpreted bottom water oxygen-level.

Quantification of pore water oxygen
rather than sea bottom water oxygen
Infaunal benthic foraminifera migrate
vertically to where food availability and
oxygen levels meet their individual
demands (Jorissen et al. 1995; Duijnstee
et al. 2003), and B. spissa, being an
infaunal foraminifera, may not be
recording bottom water oxygen levels
(which the assemblage approach and
laminations would hypothetically be
responding to), therefore, B. spissa does
not monitor bottom water but pore
water. In addition, foraminifera may be
preserved at a level that might not
reflect the overall oxygen levels during
their life-time. Niebauer et al. (1995)
explains that bottom water oxygen
concentration experiences short-term
fluctuations moderated by water
column stratification, or pulses of
phytodetritus, which cause seasonal
low-oxygen conditions/anoxia at the

seabed. In the southern Bering Sea, for|
example, it is the presence of seasonal
stratification disrupting winter mixing
of the water column that causes
seasonal blooms of phytoplankton and
high productivity (Niebauer et al.
1995). Consequently, obtaining an
accurate picture of bottom water
oxygenation records from time-
averaged data is difficult.

PD values calculated in this study were
compared with a similar study on
environmental influences on the PD of
B. spissa conducted by Glock et al.
(2011; pg. 28; fig. 7 A) off the Peruvian
oxygen minimum zone (OMZ). That
study claimed lower PD values (0.0013
P/um’up to 0.0050 P/um?) correspond
to higher BW-O, of above ~5.0 ml/I
(Table 2; fig. 6). In this study, oxygen
levels may have been consistently
above this value, possibly above the
threshold at which oxygen-levels would
influence the PD of B. spissa. However,
as average PDs in this study are
regularly above 0.005 P/um’, a direct
comparison with Glock et al. (2011)
would suggest low levels of oxygen did
sometimes exist. Thus, hypothesised
higher oxygen levels cannot account for
the inability of B. spissa PD to
reconstruct meaningful BW-O,. The
wide spread of PD data indicates that
either there is no simple correlation
between PD and BW-0O,, or BW-0O,was
highly variable.
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Figure 6 Range of dissolved oxygen for
intervals 1 to 6 interpreted in this study.
Vertical-axis shows BW-O, compared
with a study by Glock et al. (2011: figure
7A) from the Pacific margin of the
Peruvian oxygen minimum zone;
horizontal-axis shows percentage of
infaunal foraminifera (indicating
relative oxygen level). B. spissa PD
from three of the intervals studied
(intervals 1, 3 and 5) have their median
PD (Table 4) corresponding to BW-O,
that is below ~5.0 ml/l, the other
intervals (2, 4 and 6) correspond to
above ~5.0 ml/l, where the Glock et al.
(2011) correlation breaks down. Bars at
the base of each line show the
corresponding BW-O, (Table 4) upper
limit of the 75th percentile of the PD
values.Large dots on the lines depict the
median BW-O, value. while the arrows

show the corresponding BW-O, for the
25" and the lowest percentile PD values
somewhere above 5 ml/l. Shaded area
(i.e interval 2) represents the only
laminated depth in the interval studied.

342 Transportation of fossil
assemblages

Intermittent evidence of tractive
sediment movement (Expedition 323
Scientists, 2011) indicates presence in
intermittent bottom water currents
down to depth 20.59 m in the core from
Site U1342. The possibility of bottom
water currents winnowing or sorting the
sediments may lead to mixing of the
primary faunal signal in the sediment.
However, for the sampled six intervals
there is little sedimentary evidence of
transportation, signalled by the low
percentage of fragmentation of
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foraminifera recorded throughout the
interval and by the different size
fractions (> 62 um) of sediment and
foraminifera (Table 5).

Particle reworking also occurs during
bioturbation, and these processes
include both sediment reworking and
burrow ventilation (Kristensen et al.
2011). Through burrow construction
and maintenance, as well as ingestion
and defecation, substratum bio-mixing
takes place. Sediments, organic matter
and microorganisms including benthic
foraminifera are thus displaced
vertically and laterally within the

sediment matrix. This may have
occurred in the sampled intervals here,
since only one level is clearly laminated,
However, in all intervals sampled,
horizons were chosen with limited
bioturbation, so that if present, this
mixing of faunas is either cryptic, or
regarded as of limited effect.
Furthermore, the averaging of a number
of samples across intervals deemed
oxygenated or poorly oxygenated
should have mitigated some of the
effects of mixing from bioturbation;
assemblages are distinct and would
likely be homogenous if there was
complete mixing.
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Table 5 Percentages of foraminifer fragmentation through the 6 intervals
consistently low percentages of fragmentation are recorded suggesting minima
transport and dissolution.
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343 Intra-niche movement
Benthicforaminiferalfaunas
commonly inhabit a few centimetres of
depth in the sediment at the seabed, and
this interval coincides with the range
from well-oxygenated to dysoxic
conditions (Jorissen et al. 2007). The
bioturbated zone below the sediment-
water interface typically has a
heterogeneous distribution of benthic
foraminifera, the distribution being
related to the subsurface habitats of
some species and also to taphonomic
processes (Richard and Sen Gupta
1989). Therefore, B. spissa, if anything,
would be recording the oxygen of pore
waters (PW-0,) at the depth at which it
was living, as opposed to BW-O, that
other proxies are attempting to estimate
(laminations and assemblages); this
depth would have probably varied. The
high range of oxygen estimated by pore
density (fig. 6) is consistent with a
migratory pattern, although we can
provide no direct evidence that PW-O,is
being recorded in pore density.
According to Stabeno et al. (1999) and
Takahashi (2005), productivity is high
in the Bering Sea at present, causing
seasonal organic carbon influx through

the water column which leads to
dysoxic conditions at the seabed. Often,
infaunal benthic foraminifera migrate
vertically to where food and oxygen
availability meets their demand
(Jorissen et al., 1997; Nomaki et al.
2005; Duijnstee et al. 2003). Species
that are deeply infaunal in well-
oxygenated settings have been shown to
occur close to the sediment surface in
eutrophic, oxygen-depleted
environments (Mackensen and Douglas
1989; Kitazato 1994; Rathburn and
Corliss 1994). Saffert and Thomas
( 1997 ) have also shown that
foraminiferal migration in response to
environmental variables is dominantly
upward toward the sediment-water
interface. Specimens of B. spissa may,
have migrated vertically through the
seabed sediment in response to seasonal
variations in environmental conditions.
Thereby specimens that were living at
different levels of bottom-water
oxygenation were possibly mixed as a
result of vertical intra-niche movement
(e.g. figs. 7 A and B) during their life
time. Thus, B. spissa examined at
various depths may have 'mixed’ the
primary oxygen signal via vertical
migration.
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Figure 7A and B Idealized schematic of
intra-niche movement in response to
different environmental conditions:
vertical-axis shows sediment depth: ‘A’
shows oxic and suboxic species at the
water-sediment interface in a well-
oxygenated condition; 'B' shows an
infaunal species in a less oxygenated
environment moving up (arrows) within
the sediment in response to seasonal
fluctuations in the food supply and
corresponding changes in oxygen-level
at depth. Infaunal species adapt to
dysoxic conditions by moving towards
the water-sediment interface; these
movements may be responses either to
the availability of food at the sediment
surface, or to changes in oxygen
concentrations within sediment pore-
waters.

3.4.4. Nitrate respiration and other
alternate modes of survival

Risgaard-Petersen et al. (2006)
observed that certain benthic
foraminiferal species switch to nitrate
respiration during oxygen depletion in
the water column, thus suggesting that
the pores have a physiological function
for intracellular nitrate-uptake. Glock et
al. (2011) suggested that the PD of B.
spissa is probably more sensitive to
bottom water nitrate (BW-NO,) than tg
BW-0O,. The fact that several benthic
species can survive anoxia signals the
significance of nitrate respiration (full
reduction of nitrate to dinitrogen gas:
Risgaard-Petersen et al. (2006)); nitrate
respiration seems to be widespread

among foraminifera from oxygen
depleted habitats (Risgaard-Petersen et
al. 2006; Glud et al. 2009; Hagslund et
al. 2008; Pifia-Ochoa et al. 2010). Pifia-
Ochoa et al. (2010) attributed the
diverse metabolic capacity for benthic
foraminifera, which enables them to
respire with oxygen and nitrate and to
sustain respiratory activity, as one of the
reasons for their successful colonization
ofdiverse marine sediment
environments.

Recent findings on survival strategies of
B. spissa show that it takes up nitrate for
respiration through the pores or uses
these to release denitrification products
like N,O or N, and that they seem to
adapt their pore-densities to survive in
extreme habitats (Glock et al. 2011). B,
spissa specimens may have lived at
different levels of bottom-water
oxygenation and possibly switched to
nitrate respiration during anoxia or less
bottom-water oxygenation, and
therefore did not need additional pores
on their test as a strategy for survival.
Glock et al. (2011) speculated as to
whether the pores in B. spissa were
involved in nitrate respiration. Nitrate
storage and eventual usage may have
been part of the strategies adopted by B,
spissa, though this cannot be confirmed
from this study.

3.5 Conclusions

In this study no significant correlation
was identified between the PD of B.
spissa and interpreted BW-O,. In part,
this might reflect that B. spissa can
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utilise BW-NO, for respiration during
episodes of sea bottom dysoxia or
anoxia and/or that it is monitoring PW-
O,. Other, factors, including mixing of
assemblages by in-vivo migration of
foraminiferal assemblages between
microhabitats, or post-mortem sediment
transport and bioturbation may have
obscured the primary PD signal. This
study cautions against the use of PD
analysis in B. spissa as a means of
determining sea bottom oxygen
conditions unless precise lamination-
by-lamination sampling can be
undertaken, in a setting where all
taphonomic processes are clearly
understood.
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1.1. Introduction

Nigeria is a key global producer of bell
peppers, ranking as the third-largest
worldwide and the leading producer in
Africa, contributing 9% of global
production, which totals 12 million tons
annually. China and Turkey precede
Nigeria, accounting for 23% and 10%,
respectively (Alabi et al., 2023). Within
Nigeria, the northern states of Kaduna,
Kano, Jigawa, Katsina, Sokoto, Plateau,
and Bauchi serve as the country's
primary hubs for pepper cultivation,
with extensive farming systems
supplying local and international
markets (Madina et al., 2024).

Peppers play a significant role in
Nigeriancuisine,comprising
approximately 20% of daily vegetable
consumption per person and serving
over 165 million people. Their
versatility extends beyond culinary
applications, finding use in medicinal
practices and economic trade,
transcending socio-economic
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ack period of 0.73 years. Overall, the
fers a more sustainable, productive, and
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s the statistical significance of CEA
ving water efficiency and profitability in
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(WUE), Irrigation Methods, Yield
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boundaries. Recent studies affirm
Nigeria's prominence in Africa's pepper
production, with 762,174 tonnes of
green chilies and peppers harvested in
2020, reflecting a 0.27% increase from
2019 (Alabi et al., 2023). Additionally,
research highlights the economic
profitability of pepper farming in
Kaduna State, demonstrating high yield
potential and strong market viability
(Madina et al., 2024).

Despite these promising statistics, chili
pepper farming in Nigeria faces
substantial constraints, particularly
financial limitations among farmers.
Around 99% of farmers rely on rain-fed
agriculture and open-field cultivation,
restricting productivity and economic
stability (Ekine et al.,, 2023). This
dependence leads to synchronized
planting and harvesting cycles, causing
marketsaturation and price
fluctuations.

Beyond financial challenges, farmers
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contend with climate variability, erratic
rainfall patterns, pest infestations,
disease outbreaks, and inadequate
irrigation systems (Peprah, 2023). The
introduction of irrigated systems offers
a sustainable solution, providing a
consistent water supply, improving crop
quality, and enhancing overall yield
(Aduramigba-Modupe & Oke, 2023;
Nwonu et al., 2022). However,
agriculture's heavy reliance on water
resources remains an ongoing concern,
accounting for 70% of Africa's annual
freshwater withdrawals (Johnson et al.,
2023). In West Africa, agricultural
activities consume approximately 75%
of water withdrawals, yet only 3.5% of
cultivated land is irrigated, emphasizing
the urgent need for improved irrigation
infrastructure (Peprah, 2023).

With freshwater availability declining,
competition for irrigation access has
intensified, particularly in arid and
semi-arid regions (Ahmed et al., 2020).
Controlled irrigation has proven
effective in mitigating pest and disease
risks, stabilizing market prices, and
boosting profitability (Kalitsilo et al.,
2025; Mitku & Abebaw, 2024).
Nonetheless, farmers still struggle with
low-quality seeds, reliance on open-
pollinated varieties, substandard
fertilizers, and poor soil fertility (Café-
Filho et al., 2018; Krasilnikov et al.,
2022). These agricultural challenges
have led to significant yield declines,
with reports indicating a drop from 100
tonnes to 30 tonnes per hectare, and
some farmers experiencing yields as

low as 2 tonnes per hectare for
conventional habanero peppers.

The rapid urbanization of Nigeria, with
over 35% of its population residing in
cities, presents additional challenges,
Food security concerns are growing as
urban centers expand, while youth
migration and declining rural food
production exacerbate the issue
(Oderinde et al., 2022; Oji & Anih,
2021). Ensuring food security and
income stability for urban populations
remains a national priority.

This study examines the water
consumption per kilogram of chili
pepper across rainfed, irrigated, and
Controlled Environment Agriculture
(CEA) systems, estimating the
economic costs associated with each
approach. Additionally, it assesses the
feasibility of CEA adoption within
smallholder farming, analyzing
potential challenges and benefits for
resource-limited farmers.

While recent studies on greenhouse
water savings in Nigeria underscore the
benefits of controlled irrigation
techniques (Adesogan & Sasanya,
2025; Butu et al., 2022), they do not
directly compare CEA systems with
field-based methods in Kudan LGA,
Nigeria. This study bridges that gap,
evaluating t rade- offs between
cultivation systems, including
infrastructure costs, environmental
impact, and accessibility for local
farmers.
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Empirical evidence further supports the
efficiency of CEA systems, showing
that hydroponics and aeroponics can
reduce water usage by up to 90%
compared to conventional farming
methods (Regmi et al., 2024; VVarughese
et al.,, 2021). These systems employ
closed-loop irrigation technologies and
precise environmental controls,
significantly improving both water and
nutrient use efficiency (Akinyele & Eze,
2023). Additionally, findings from
Texas Tech University reveal that
aeroponic systems demonstrated
greater water use efficiency compared
to nutrient film technique (NFT)
hydroponic systems (Regmi et al.,
2024).

These insights reinforce the importance
of comparing CEA with traditional
field-based cultivation, identifying the
most viable water-efficient solution for
sustainable chili pepper farming in
Kudan LGA.

2. Methodology

This study employed Life Cycle
Inventory (LCI) methods to collect data
on water consumption, yields, and
economic returns for both Controlled
Environment Agriculture (CEA) and
traditional field systems (Field survey,
2023). The research incorporated field
surveys, water usage assessments, and
economic analyses to provide a
comprehensive comparison of the two
systems in Kudan Local Government
Area (LGA), Kaduna State, Nigeria.

A two- stage random sampling
procedure was used to ensure unbiased
farmer selection. In the first stage, four
wards—Likoro, Zabi, Kudan, and
Hunkuyi—were randomly selected due
to their high chili pepper production
(Field survey, 2023). In the second
stage, a proportionate random selection
was conducted using the Solvent
formula, ensuring representation across
various production scales and
socioeconomic backgrounds. A random
number sampling technique was
applied, leading to the selection of 125
respondents for the study.

Three production systems were
examined, with system boundaries
defined as cradle-to-farm-gate,
including rainfed field- based
cultivation, irrigated field-based
cultivation (Fadama/"Lam-bu™), and
poly-tunnel cultivation (Field survey,
2023). The functional unit was defined
as 1 kg of saleable unprocessed product,
including rainfed local red bell pepper
(Capsicum annuum) "Tatase," irrigated
Scotch Bonnet Pepper (Capsicum
chinense) "Atarodo," and Piquante F1

cultivated in a poly-tunnel (Field
survey, 2023).
To ensure data reliability, the

questionnaire was pretested on a subset
of farmers to refine clarity and
relevance, with response rates
documented and data validation
conducted through cross-checking farm
records and follow-up interviews (Field
survey, 2023).
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Farmers in Kudan LGA predominantly
cultivate open-pollinated pepper
varieties, but these seeds often result in
lower yields and reduced pest resistance
compared to hybrid varieties (Alabi &
Anekwe, 2023). The local bell pepper
("Tatase™") requires consistent soil
moisture (70-80% of field capacity) and
relative humidity levels between 60-
70% to thrive (Institute for Agricultural
Research (IAR), Meteorological Unit.
(2021). Soil pH plays a crucial role in
pepper productivity, with optimal levels
ranging between 5.5 to 6.8 for enhanced
nutrient uptake (Nwite, 2024).

Regular irrigation is essential to prevent
water stress, particularly during the
flowering stage, when frequent light
irrigation is recommended (Olabisi &
Nofiu, 2022). Drip irrigation enables
year-round cultivation, enhances

efficiency, and minimizes water
wastage, while also supporting
fertigation, which reduces labor-

intensive fertilization methods (Alharbi
et al., 2024; Tanaskovik et al., 2019).
Farmers utilizing drip irrigation have
reported 50-200% higher vyields
compared to rainfed methods, though
some still employ surface irrigation,
where controlled water application is
advised for optimal results (Kalitsilo et
al., 2025).

Nigeria's pepper industry features
Scotch Bonnet (“Atarodo”), a highly
valued variety cultivated through
irrigation, alongside Habanero
("Rodo"), prized for its heat intensity
and adaptability (Butu et al., 2022).
Habanero peppers begin producing fruit
three months after transplanting and

remain productive for 6-8 months
(Ndagana et al., 2021), with irrigated
Habanero farms recording vyields
exceeding 40 tonnes per hectare (Regmi
etal., 2024).

Farmers employing greenhouses and
poly-tunnels achieve higher vyields
compared to open-field cultivation
with hybrid pepper seeds such as
Piquante F1, Avenir F1, and Super
Habanero F1 proving effective (Alharb
et al., 2024; Varughese et al., 2021). A
case study in Northern Nigeria
demonstrated successful cultivation of
Piquante F1 in a poly-tunnel,
maintaining optimal environmental
conditions, including temperature (20-
35°C) (IAR Meteorological Unit
2021), light intensity (75-330 pmol m™2
s 1) (Appolloni et al., 2021; Nicholson
et al., 2020), relative humidity (50-
70%) (Olabisi & Nofiu, 2022), and
wind speed (~10 km/h) (Gabriel et al.,
2023).

The study employed Life Cycle
Assessment (LCA) methodology to
track inputs and outputs and assess the
environmental impact of pepper
cultivation in Nigeria (Isah et al., 2025),
The LCA was conducted using
OpenLCA and utilized Ecoinvent v2.2
alongside additional relevant databases
(Salami, 2019). Environmental data
were benchmarked against the
Ecoinvent database v2.2 and the Athena
Sustainable Materials Institute for
comprehensive evaluation, ensuring an
accurate assessment of economic and
environmental trade-offs (Amaefule et
al., 2019), (Table 1).
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Table 1. Characteristics of poly-tunnel, field (rainfed and irrigated) operations analyzed
Production System CEA Rainfed Irrigated Source
Land Area for .
production (ha) 0.0147 1 1 Field survey, 2023
'I;";‘quﬁtri%?]f&;;\'on 0.01 0 0 Field survey, 2023
Total Land Area (ha) 0.0247 1 1 Field survey, 2023
OPV (local OP\B/o(r?nCe(itCh
Hybrid (Piquante bell pepper PenDer
Crop Variety Red F1 Habanerc Capsicum Ca glpc um Field survey, 2023
“Atarodo”) annuum or ap
“Tatasc”) (':Ihmense 9r
Atarodo™)
IAR
; o o Meteorological
Daytime Temperature 25.3°C 521—2600 24-26 OC (75- Unit, 2021;
(T0-79°F) 79°F)
Amoako et al.,
2022
IAR
o o Meteorological
Night Temperature 19.8°C 3:5'17 OC 15-17 OC (59- Unit, 2021;
(59-63°F) 63°F)
Amoako et al.,
2022
Olabisi & Nofiu,
Seed Germination 25°C 924-26°C 24-26°C 2022; IAR
Temperature Meteorological
Unit, 2021
o o (i Olabisi & Nofiu,
Seedling Growth 18°C (night-time .15 C 15 C_(mght— 2022; IAR
Temperature minimum) (mn:%rl]r;ﬂm; mir?irr?]im) Meteorological
Unit, 2021
Olabisi & Nofiu,
2022; IAR
Full sun Full sun Meteorological
High light exposure is exposure is Unit, 2921;
Light Transmission transmission essential for | essential for Appolloni et al.,
healthy healthy 2021; Nicholson
growth growth et al., 2020;
Vanlommel et al.,
2020
Abimbola, 2024;
Olabisi & Nofiu,
2022; 1AR
Meteorological
. 400 to 700 400 to 700 .
Pho_to-syntr_]et_lcally 550 nanometers nanometers nanometers Unit, 2(.)21’
Active Radiation (PAR) (nm) (nm) Appolloni et al.,
2021; Nicholson
et al., 2020;
Vanlommel et al.,
2020
Amaefule et al.,
CO2 Concentration 2019; Gabriel et
(Cold Weather) 1000 ppm (day) | 426 ppm 426 ppm al., 2023;
Oyeranti, 2024
CO2 Concentration 400 ppm (with 425 ppm 425 ppm Amaefule et al.,
62
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3.0 Calculation of Economic and
Environmental Indicators

A survey of 125 chilli pepper farmers
during the 2022/2023 dry and rainy
seasons provided valuable insights into
the production costs associated with
field-based systems, including rainfed
and irrigated ("Fadama"/"Lam-bu")
methods. By analyzing yield and output
prices, the study calculated revenue for
these farming systems. Notably, some
farmers perceive open-field pepper
farming as a low-input endeavor,
relying primarily on manure as their
main input.

A comparative analysis of poly-tunnel,
Rainfed, and Irrigated farming methods
reveals significant yield differences per
hectare. This study presents the yields
per hectare for three different chilli
pepper production methods: Poly-
tunnel, Rainfed, and Irrigated systems.
Poly-tunnel stands out with the highest
yield per hectare, producing an
impressive 72,000 kg/ha/year across
four to five harvests per year, ensuring
continuous production throughout the
year. The high yield is attributed to the
optimized growing conditions provided
by poly-tunnel, including precise
control over temperature, humidity, and
light, as well as efficient use of water
and nutrients. The significant
investment in infrastructure, such as
poly-tunnel structures and advanced
irrigation systems-drip irrigation,
enables poly-tunnel to achieve superior
productivity.

In contrast, the Rainfed system yields
900 kg/halyear, with a single harvest per
year occurring between April and
August. The reliance on natural rainfall
results in less predictable and often
suboptimal growing conditions,
negatively impacting plant growth and
productivity. Additionally, the limited
use of inputs such as fertilizers and
irrigation further constrains the yield
potential of rainfed chilli pepper
production. The Irrigated system, with a
yield of 4,500 kg/hal/year, provides a
more consistent water supply and better
crop performance compared to rainfed
agriculture. However, its yield remains
significantly lower than that of poly-
tunnel due to less controlled growing
conditions and lower input levels. This
system typically produces one crop per
year, with harvesting occurring between
September and March.

To further strengthen the economic
comparison, this study incorporates
additional financial metrics, including
net returns, cost per kilogram of pepper,
and payback periods for poly-tunnel
investment. A detailed financial
breakdown of input costs—including
water, energy, labour, and
fertilizers—has been conducted to
derive key economic indicators such as
the benefit-cost ratio (BCR) and profit
margins for each production system
(Table 8). These insights provide
decision-makers and farmers with a
robust economic assessment of the
long-termsustainabilityand
profitability of adopting CEA versus
traditional field-based methods.
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Additionally, climate change-related
losses were observed across farming
methods. Rainfed systems experienced
up to 60% losses during the rainy season
and 10-20% losses during the dry
season. In contrast, CEA techniques,
such as poly-tunnel cultivation, reduced
losses to approximately 5%, ensuring
stable and higher yields throughout the
year.

To improve economic transparency,
unit costs, currency conversions, and
the time frame for cost collection have
been explicitly specified. Electricity for
irrigation pumps is reported in Naira per
kilowatt- hour ( Naira/ KWH) to
distinguish it from lump-sum monthly
fees. As of June 2025, the cost for 100
units of electricity is N2,359 for
households (N23.59 per unit) and
N3,853 for businesses (N38.53 per unit)
(Nigerian Price, 2025). Additionally,
diesel fuel expenses are accounted for,
with prices set at N7.51 per liter for CEA
systems and N375.6 per liter for
irrigated field systems, offering a clear

(irrigated and rainfad) ax

Figure 1. Comparative yield (kg) graph

nd pd

different cultivation methods.

Furthermore, fertilizer costs have been
systematically broken down.

organic fertilizers ranging from N7,00C

to N81,000, while chemical fertilizers

ensuring accurate
Additional

kg,

calculations. essentia

across production systems.

estimation rather than a single price
point.
seasonal fluctuations in electricity rates
diesel prices, and fertilizer costs
providing a more realistic representatior

production systems (Figure 1).

ighhizhting difference between open-field
Iy-tunnel chilipepper production

breakdown of energy costs across

Prices
fluctuate based on type and brand, with

such as Indorama Urea, are widely used.
NPK fertilizers are priced at N2,500 per
input cost

inputs, including Calcium Magnesium

(CalMag) and Potassium Humate, were
included to reflect input variations

To ensure accuracy, average values
during each season were used for cost

This approach accounts for

of financial variability in chilli pepper

1)
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Overall, these findings highlight the demonstrate that water management
clear advantages of CEA in maximizing and input levels play crucial roles in
chilli pepper yields per hectare, despite determining the productivity and
its higher initial costs. Meanwhile, the profitability of chilli pepper cultivation
Rainfed and Irrigated systems (Table 2 & Figure 1).

Table 2: Yield per Hectare for CEA, Rainfed And Irrigated Chilli Pepper
Production
. Units of Poly- Rainfed Irrigated
Production Inputs Quantity  tunnel  Field Field

Fixed Production Inputs Quantity Used

Drip Irrigation System

Borehole/Well and other component Unit/s 1 1

Poly-tunnel Structure Unit/s 1

Small farm tools

Garden Trowel Piece/s 1 1 1

Hand Fork Piece/s 1 1 1

Seedling Trays 1 set (10-20 (rays) Set 1 1 1

Watering Can Piece/s 1 1 |

Gloves Pair 1 1 1

Stakes Unit/s 15 15 15

Weed Hoe Unit/s 1 1 1

Spray Bottle 1 bottlg 1 1 1

Soil Tester 1 Piece/s 1 1 1

Basket 1 Piece’s 2 2 2

Pruners 1 Picce/s 2 2 2

Twine or String I roll 1 1 1

Mulch 1 bag 1 1 |

Compost Bin: 1 Piece/s 1 1 1

Labels or Markers 1 pack (20-50 | Pack/s 1 1 |

labels)

Variable Production Inputs

Electricity for Irrigation Pump Naira/ KWH 300 300 300

Diesel Fuel for Irrigation Pump Naira/Litre 7.51 0 375.6

Seeds (Piquante Red F1 Habanero) | kg bag 5 5 5

Fertilizers

NPK | kg bag 15 0 7.5

Chicken Manure | kg bag 36.75 2500 2500

Calcium Magnesium (CalMag) kg bag 3 0 1.5

Potassium Humate | kg bag 1 0 0.5

Pesticides

Pesticides 1 litre 7.5 15 7.5

Nematicides 1 litre 25 5 25

Insecticide 1 litre 7.5 15 7.5

Fungicide 1 litre 7.5 15 7.5

300m by 1.5m Plastic mulch square meter 147 0 0

Labor and Installation Man-day 3000 3000 3000

Yield™ kg/ha/year 72,000 900 4,500
Note: Data Source: Authors' calculations.
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3.2 Water Use (WU)

In tropical regions, Controlled
Environment Agriculture (CEA)
utilizes various water sources, including
rivers, ponds, reservoirs, rainwater,
groundwater, and municipal supplies.
While manual irrigation systems are
cost-effective, they lack precision in
regulating water and nutrient quantities,
Irrigation frequency depends on factors
such as substrate type, plant growth
stage, and season. Water delivery
methods include gravity-fed systems
and small-scale pumping machines,
emphasizing the need for efficient and
precise irrigation management in
tropical CEA settings.

Given the increasing challenges of
waterscarcity and resource
management, this study focuses on
water consumption efficiency in chili
pepper cultivation, excluding energy
use and global warming potential since
these aspects have already been
comprehensively analyzed in prior
research (Ayinde, 2025; Ayinde &
Gamu, 2025). Rather than replicating
previous findings, this research aims to
provide a complementary perspective
by addressing water efficiency—a
critical sustainability factor in CEA.

By maintaining this focused approach,
the study contributes targeted insights
that can inform agricultural practices
and resource management while
ensuring analysis remains within a
defined scope. The exclusion of energy-
related impacts does not undermine
their significance; instead, it reflects an
intention to build on existing literature
while advancing knowledge in water
sustainability within CEA.

Comparative Analysis of Water Use

Water requirements for chili pepper

production vary significantly between
open-field irrigation and poly-tunnel

systems. In open-field flood irrigation,
chili peppers typically require 600 to
900 mm of water per growing season,

with some estimates reaching 1,250 mm
for longer periods and multiple harvests
(FAO, 2025). Conversely, poly-tunnel
systems demand less water due to a

controlled environment, with seasonal
crop evapotranspiration (ETc) ranging
from 346 to 362 mm (Fernandez et al.,
2023). Additionally, poly-tunnel
farming exhibits higher water use
efficiency (WUE), recorded between
13.8 and 18.44 kg/m?® (Lasisi et al.,
2024), reinforcing its role in water
conservation and productivity
enhancement (Figure 2).
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A comparison with Table 4 strengthens
the argument for controlled irrigation
methods. Findings from Gomes et al.
(2023) highlight that hydroponic chili
pepper cultivation in Brazil requires 300
- 400 mm of water per season, yielding
35 - 40 tons/ha, with a WUE ranging
between 8.5 and 10.2 kg/m3. Similarly,
research by Zhang et al. (2021)
observed that mulched drip irrigation in
China required 450 - 600 mm of water
per season, achieving 25 - 30 tons/ha,
with a WUE between 4.5 and 6.7 kg/m3.

By contrast, drip irrigation with organic
matter in Baghdad, Iraq (Ati et al., 2020;
Alaa et al., 2015) reported higher water
consumption values ranging from 945.9
to 1152.9 mm, with yields fluctuating
between 10.45 and 39.45 tons/ha. These
results emphasize the relatively greater
water conservation potential of poly-
tunnel farming, as its controlled

Figure 2: Total Average Water Remjire
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microclimate minimizes evaporation
losses and optimizes irrigation
precision (Doe & Johnson, 2022).

The New Mexico semi-arid region
study (Baath et al., 2020) examined the
impact of brackish groundwater and
reverse 0Smosis concentrate irrigation,
with findings indicating that salinity
levels of < 3 dS/m maintained
appropriate water use efficiency. Such
irrigation innovations highlight the
potential for resource- efficient
practices, especially in arid climates

where water availability is scarce.

Further comparison with Table 4 reveals
that micro-sprinkler irrigation in Akure,
Nigeria (Olotu et al., 2012) required
821.07 - 833.61 mm of water per

season, producing 14.89 - 21.06
tons/ha, while different irrigation
scheduling in Akure (Akinbile &
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Yusoff, 2011) ranged between 25% -
100% ET, yielding 1.28 - 2.64 tons/ha.
These findings highlight the variability
in water use depending on irrigation
strategy, climate, and local farming
conditions.

Implications for Water Management
Strategies
A review of Table 4 data suggests that
hydroponics and poly-tunnel farming
offer superior water efficiency
comparedto open-field and
conventional drip irrigation systems.
While hydroponic cultivation (Gomes
et al., 2023) and mulched drip irrigation

(Zhang et al., 2021) exhibit enhanced
resource efficiency, poly-tunnel
farming consistently achieves higher
WUE values, making it a viable solution
for sustainable chili pepper production
in water-scarce regions (Fallik et al.,
2019).

By integrating precision irrigation
techniques, soil moisture monitoring,
and adaptive water management
frameworks, agricultural policymakers
can optimize irrigation efficiency while
reducing overall water consumption,
ensuring long-term sustainability in
chili pepper production.
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Table 4: Comparative Water Use Efficiencies in Chili Pepper Cultivation Across
Different Regions and Irrigation Method

A Water . Water Use
Location Cl&g}’ﬁ;ﬁn Use (tz:le;lrlda) Efficiency Source
(mm) (kg/m®)
Uttarakhand slcrrzlegdaj:ionn 4%

: ' Wing - maD Yadav &
India (sub- with level 7 624 Not Kashva
trgo;i)(;(r:]?l humid dn;;%rii?trson optimized specified J&M

9 SWIe 1 \water use
regimes
Bra}zn (tropical Hyd_rop(_Jnlc 3004400 | 35- 40 8.5 - 10.2 Gomes et
region) cultivation al., 2023

. . Deficit

;rr‘?cﬁ Sm) imigation | 500+ 700 | 20-28 | 38-56 | S4TAE
g strategies )
: . Mulched
grri‘('j”fe(si%r:;' drip 450+600 | 25-30 | 45-67 —g—flhagozelt
g irrigation '
Baghdad, Iraq Drip Improved .
(similar ’ irrigation 945.9 - 10.45 - with organic Ati etal.
dlimate) withorganic | 11529 | 39.45 ha 2020
matter
Irrigation Brackish
with water with
New Mexico, brackish Varies by . EC=3
USA (semi-arid | groundwater | salipity Varlgs by dS/m Baathet
. cultivar . al., 2020
region) and reverse level maintained
0SMOsis appropriate
concentrate WUE
Volta Region, Traditional Not 65.76% Not Asravor et
Ghana field-based | specified | efficiency | specified al., 2016
Drip
z?r%?l‘;";‘d’ "G | irrigation | 9459 | 10.45- W'irt‘;]pg‘r“’::ic Alaaetal.
ki withorganic | 11529 | 39.45 ke 2015
) matter
Akure Niceria | oono | 82107 | 14.89- Not Olotu et
N9 SprinK 83361 | 21.06 | specified | al., 2012
irrigation
Different Akinbile
— o 25% - 1.28 - Not N e
Akure, Nigeria | irrigation i . & Yusoff
scheduling 100% ET 2.64 specified 2011
To validate claims of superior water use use efficiency between poly-tunnel and
efficiency, a one-way Analysis of open-field irrigated systems. By
Variance (ANOVA) and pairwise t-tests emphasizing water use efficiency, this
were conducted to compare mean water study provides actionable insights for
69
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farmers, researchers, and policymakers
focused on sustainable agricultural
practices. The findings contribute to the
development of efficient irrigation
strategies, helping to optimize
production while reducing water waste,
which is particularly important in
regions facing water constraints.

4 Results

This study assesses the water usage
efficiency of chilli pepper cultivation in
Kudan LGA, Kaduna State, Nigeria,
comparing Controlled Environment
Agriculture (CEA) and field-based
systems. Using Life Cycle Assessment
(LCA) methodology, the research
provides an in-depth evaluation of water
consumption, irrigation practices, and
water use efficiency (WUE) across
cultivation methods.

The study incorporates crop-specific
growing periods to assess seasonal
water requirements. Piquante Red F1
Habanero, cultivated in poly-tunnel
systems, has a growth period of 75 to 80
days, enabling multiple harvests per
year. In contrast, OPV local bell pepper
("Tatase™), grown in rainfed conditions,
has a longer growing period of 90 to 150
days, while OPV Scotch Bonnet Pepper

("Atarodo™), cultivated in irrigated
fields, follows a growth period of 80 to
120 days. These variations influence
water consumption and irrigation cycles
across production systems (Table 5).

Water Use Efficiency Analysis
Water use efficiencydiffers
substantially between poly-tunnel and
open-field irrigated systems. In open-
field irrigated cultivation (10,000 m?),
the total seasonal water requirement
was 920,850 L, yielding 4,500 kg of
Scotch Bonnet Pepper
("Atarodo™)—equating to 204.63 L of
water per kg of product. The standard
deviation (SD) of yield was 380, with a
95% confidence interval (CI) of 4,500 +
740 and a standard error (SE) of 190,
indicating yield variability (Table 5).

In contrast, the poly-tunnel system (147
m?) exhibited substantially higher water
efficiency, requiring only 13,536.50 L
per season while producing 72,000 kg
of Piquante Red F1 Habanero
("Atarodo"). This resulted in a water use
efficiency of 0.19 L per kg of product.
The SD of yield was 5,200, with a 95%
Cl of 72,000 = 10,100 and an SE of
2,600, validating consistent yields
under controlled conditions.
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Table5. Yields per Water Use for for Open Field (lrrigated) and Poly-tunnel Chilli Pepper Production
Total

Average Water Use
Growing Species of Chilli Water Yield per kg SD 95% CI SE
System Pepper Requirement | | (kg) Product (Yield) [ (Yield) [ (Yield)

per Season (L/kg)

(L/season)
Open Field Scotch Bonnet 4,500 +
(Irrigated - Pepper (Capsicum 920,850.00 4,500 204.63 380 ’7 0 - 190
10,000 m?) chinense "Atarodo")
Poly-Tunnel Piquante Red F1 72,000 +
(147m?) Habanero (Atarodo) 13,536.50 72,000 0.19 5,200 10,100 2,600

Note: Data Source: Authors' calculations.

Statistical Analysis

To ensure rigorous statistical validation,
the study integrates standard deviations
(SD), confidence intervals (CI), and
standard errors (SE) in assessing yield
and water efficiency. SD measures yield
variability, Cl defines the 95% certainty
range within which true mean yield and
water use are expected to fall, and SE
accounts for sampling variability,

Table 6: One-Way ANOVA Results for Water U
Source of Sum of De
Variation Squares (SS)  Freeg
Between Groups 73125.63
Within Groups 3423.87
Total 76549.5

Note: Data Source: Authors' calculations.

Additionally, a pairwise t-test revealed a
mean water use difference of 204.44
L/kg between poly-tunnel and open-

improvingprecision in data
interpretation (Table 5).

The ANOVA results demonstrated a
statistically significant difference (F =
854.9, p < 0.001), confirming that CEA
systems exhibit superior water
conservation compared to traditional
field-based methods (Table 6).

se Efficiency Across Cultivation Systems
grees of Mean p-

dom (df) fl\‘jl‘g‘re F-value 2l
1 73125.63 8549  <0.001
18 190.22

19

field irrigated systems, with a t-value of
29.3 and p < 0.001, reinforcing the
statistical significance of these findings
(Table 7).
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Table 7: Pairwise t-Test Comparing Water
Field Irrigated Systems

Note: Data Source: Authors' calculations.

Economic Comparison of Cultivation
Systems

The economic comparison of
cultivation systems highlights the
feasibility of poly-tunnel and open-field
chili pepper production through fixed
and variable cost analyses. The poly-
tunnel system, despite its higher initial
fixedcosts of 2,532,501,
demonstrated rapid investment
recovery within 0.05 years due to
significantly lower variable costs,
including water (}13,536.50), energy
(N7,510), and labor (¥75,000). In
contrast, the open-field irrigated
system, with total costs amounting to
N6,356,450, remained financially
unsustainable, failing to recover
production costs within a feasible time
frame.

The analysis also highlights differences
in saleable product proportions across
cultivation methods. The calculation of
saleable products is based on the
proportion of total yield that meets
market standards for quality, factoring
in post-harvest losses and grading
criteria. Poly-tunnel farming, with a
total yield of 72,000 kg, produced
68,400 kg of saleable chili peppers after
accounting for an estimated 5% loss due

Us

Comparison Mean Standard E
P Difference (SE)

Poly-Tunnel

vs Open-Field 204.44 6198

(Irrigated)

fficiency Between Poly-Tunnel and Open-
- 95%
t-Value p-Value Confidence
Interval
190.12 to
29.3 <0.001 21876

to handling and sorting. In contrast,
open-field irrigated farming yielded
4,500 kg, but quality grading and
handling losses reduced the saleable
quantity to 3,825 kg, approximately
85% of total yield. Open-field rainfed
farming, with a total yield of 900 kg, had
the lowest saleable proportion at 360 kg,
approximately 40% of total vyield,
largely due to higher exposure to
environmentalstressors and
inconsistent irrigation practices (Table
8).

The Benefit-Cost Ratio (BCR) further
underscores the profitability gap
between cultivation systems. Poly-
tunnel farming achieved a BCR of
22.11, meaning that for every NI
invested, farmers received ¥22.11 in
return. Meanwhile, open-field irrigated
farming recorded a BCR of 0.89,
indicating financial losses, while open-
field rainfed farming, despite lower
fixed costs (377,250) and variable costs
(N431,700), yielded only 900 kg, with a
BCR of 0.64, signifying low economic
returns (Table 8).

These findings reinforce the advantages
of adopting Controlled Environment
Agriculture (CEA) for water-efficient,
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high-yield chili pepper production. analysis confirms that poly-tunnel
While poly-tunnel cultivation requires farming is the most economically viable
higher upfront investment, it drastically option, ensuring sustainable production
reduces variable costs, leading to with significant financial returns, while
exceptional profitability and fast also maximizing the proportion of
financial recovery compared to marketable produce (Ajayi et al., 2024;
traditional open-field farming. The Berger, 2023).

Table 8: Summary of Economic Comparison Between Open-Field and Poly-Tunnel Chilli
Pepper Cultivation
Cost Item Open Field (Irrigated  Open Field (Rainfed  Poly-Tunnel
- 10,000 m?) - 10,000 m?) (147 m2)
Fixed Costs (Naira (?))
Poly-Tunnel Structure — — 520,251
Drip Irrigation System
Borehole/Well System 717,500 — 1,935,000
Small Farm Tools 79,750 77,250 77,250
Total Fixed Costs 794,750 77,250 2,532,501
Variable Costs (Naira (?))
Water Cost 920,850 — 13,536.50
Energy Cost 445,086 — 7,510
Labour Cost 580,000 240,000 75,000
Fertilizer Cost 156,735 80,500 157,000
Total Variable Costs 2,926,450 431,700 252,046.50
Total Production Cost
(Fixed + Variable) (Naira 6,356,450 508,950 3,909,046.50
(?))
Yleld (kg)Error! Bookmark not defined.b 4,5 DO 900 72’000
Saleable Products (kg) 3,825 360 68,400
Cost per kg of Pepper 5
(Naira/kg) 1,412.54 1,413.75 54.29
Revenue (Naira) 5,625,000 324,000 86,400,000
Net Return (Naira) 731,450 (Loss) 184,950 82,490,953.50
Benefit-Cost Ratio (BCR) 0.89 0.64 22.11
Payback Period (Years) Not Profitable 0.73 0.05
Note: Data Source: Authors' calculations.
73
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5. Discussion
This study aimed to evaluate the water
usage efficiency of chili pepper
cultivation in Kudan LGA, Kaduna
State, Nigeria, comparing Controlled
Environment Agriculture (CEA) with
traditional field-based systems. The
results provide insights into the impact
of different cultivation practices on
water consumption, yield performance,
economic feasibility, and the broader
challenges influencing the adoption of
CEA.

Findings reveal a significant difference
in water use efficiency between poly-
tunnel and open-field irrigated chili
pepper cultivation. The poly-tunnel
system demonstrated exceptional
efficiency, requiring only 13,536.50
liters per season while yielding 72,000
kg of Piguante Red F1 Habanerg
("Atarodo™), resulting in a water use
efficiency of 0.19 L/kg. In contrast, the
open-field irrigated system required
920,850 liters per season to produce
4,500 kg of Scotch Bonnet Pepper
("Atarodo"), equating to a water use
efficiency of 204.63 L/kg. The
controlled environment of poly-tunnel
farming minimizes evaporation losses
and improves irrigation precision, while
open- field cultivation is more
susceptible to environmental factors
such as high evaporation rates, runoff,
and inconsistent moisture retention.

To confirm the significance of these
differences, a one-way ANOVA test was
performed, showing a statistically

significant variation (F = 854.9, p <
0.001) between the two cultivation
systems. Additionally, pairwise t-tests
showed a mean water use difference of]
204.44 L/kg, with at-value of 29.3and p
< 0.001, reinforcing the statistical
validity of observed trends. These
findings substantiate the argument that
CEA drastically reduces water usage,
validating its suitability for sustainable
chili pepper production, particularly in
water-scarce regions.

Yield analysis further confirms the
superior productivity of CEA compared
to traditional cultivation methods. Poly-
tunnel farming generated a yield of
72,000 kg per hectare per vyear,
facilitated by continuous production
cycles (four to five harvests annually).
Conversely, open-field irrigated
farming yielded 4,500 kg per hectare
per year, while rainfed farming
produced only 900 kg per hectare per
year. A key contributor to CEA's
enhanced productivity is its climate
resilience. Rainfed production
experiences up to 60 % crop losses
during the rainy season and 10-20%
losses during the dry season due to
climate variability. However, poly-
tunnel systems mitigate these losses,
reducing them to around 5%, ensuring
higher production stability year-round.
Beyond yield and water savings, this
study assessed the economic feasibility
of poly-tunnel and open-field
production systems using fixed and
variable cost analyses. Despite its
higher upfront investment
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(N3,657,000), poly-tunnel farming
demonstrated rapid investment
recovery, achieving profitability within
just 0.05 years (~19 days). In contrast,
the open-field irrigated system
remained financially unviable, with a
negative net return of -N731,450,
failing to recover production costs
within a feasible t ime frame.
Additionally, benefit-cost ratio (BCR)
analysis revealed that poly-tunnel
farming returned N22.11 for every N1
spent, whereas open-field farming
yielded only NO0.89, reinforcing CEA's
economic advantage.

While this study highlights the
economic and water use benefits of
CEA, its adoption is influenced by
factors beyond policy and training.
Capital costs, maintenance expertise,
and local microclimate factors also play
a crucial role in determining the
feasibility of CEA systems. The initial
investment required for poly-tunnel
infrastructure is significant, which may
pose financial barriers for smallholder
farmers. Access to funding or subsidies
could facilitate broader adoption.
Additionally, effective CEA operation
demands technical knowledge in
irrigation management, climate control,
and pest regulation, which can impact
scalability. Local microclimate factors,
such as temperature, humidity, and solar
radiation variations, influence CEA's
efficiency, making an understanding of
regional climate conditions essential for
optimizing poly-tunnel systems to
achieve maximum productivity.

By addressing these elements, this study
provides a more holistic perspective on
the challenges and enablers of CEA
adoption, ensuring that policymakers
and stakeholders consider both
economic and technical feasibility when
promoting CEA as a sustainable
agricultural solution.

6. Implications

The findings of this study have
significant implications for sustainable
agriculturalpractices,water
conservation strategies, and economic
decision-making in chili pepper
cultivation. The substantial differences
in water use efficiency between
Controlled Environment Agriculture
(CEA) and field-based systems
highlight the need for policy
interventions and farmer adoption of
climate-smart agricultural techniques,
With poly-tunnel farming reducing
water consumption by over 99%
compared to open-field irrigated
cultivation, this study underscores the
Importance of precision irrigation and
controlled environments in addressing
water scarcity challenges, particularly
in arid and semi-arid regions.

Beyond policy and training, CEA
adoption is influenced by several
critical factors, including capital costs
maintenance expertise, and loca
microclimate conditions. The initial
investment required for poly-tunne
infrastructure can pose financial
barriers, particularly for smallholder
farmers.Althoughthe study
demonstrates that poly-tunnel farming
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offerssubstantial financial
returns—with a Benefit-Cost Ratio
(BCR) of 22.11 compared to 0.89 for
open-field farming—the upfront costs
remain a limiting factor. Strategic
financial support, such as subsidies or
loan programs, could play a vital role in
facilitating broader adoption of CEA.

Maintenance expertise is another
essential consideration, as effective
CEA operation requires specialized
technical knowledge in areas such as
irrigation management, climate control,
and pest regulation. Without adequate
training and access to skilled personnel,
farmers may struggle to optimize
system performance, potentially
reducing efficiency and yield.
Initiatives aimed at capacity-building,
including farmer training programs and
technical assistance, could address this
challenge and enhance the scalability of
CEASsystems.

Local microclimate conditions further
influence the feasibility of CEA
adoption. Variations in temperature,
humidity, and solar radiation impact the
efficiency of poly-tunnel farming
requiring careful site selection and
adaptive management strategies.
Understanding regional climatic
characteristics is essential to optimizing
poly-tunnel systems for maximum
productivity and sustainability.

From a broader perspective, these
findings emphasize the need for
agricultural policies that support the

adoptionof water-efficient
technologies while addressing financial
and technical constraints. The study
provides data-driven evidence that can
inform government initiatives,
subsidies, and training programs to
ensure a holistic approach to CEA
adoption. Additionally, the
demonstrated reduction in climate-
related losses within poly-tunnel
farming presents an opportunity for
resilient food production systems,
mitigating the effects of climate change
on crop vyields and agricultural
profitability. By considering capital
investment, expertise requirements, and
environmental conditions
policymakers and stakeholders can
create more comprehensive strategies to
promote CEA as a sustainable
agricultural solution.

7. Conclusion
This study demonstrates the superior
water use efficiency and economic
viability of Controlled Environment
Agriculture (CEA) compared to
traditional field-based systems in chilli
pepper production. Water consumption
was significantly reduced in poly-
tunnel farming, requiring only
13,536.50 liters per season to produce
72,000 kg of Piquante Red F1
Habanero, achieving a water use
efficiency of 0.19 L/kg. In contrast, the
open-field irrigated system required
920,850 liters per season to produce
4,500 kg of Scotch Bonnet Pepper,
resulting in a water use efficiency of
204.63 L/kg—over 1,000 times less
efficient than CEA.
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The ANOVA results confirmed a
statistically significant difference (F =
854.9, p < 0.001) between the two
systems, while pairwise t-tests further
validated this difference with a mean
water use gap of 204.44 L/kg (t=29.3,p
< 0.001). These findings substantiate
that CEA drastically enhances water
conservation, making it an optimal
choice for sustainable chilli pepper
cultivationin water-scarce
environments.

Additionally, the economic assessment
revealed that poly-tunnel farming is
exceptionally profitable, achieving a
Benefit-Cost Ratio (BCR) of 22.11,
meaning for every N1 invested, farmers
receive N22.11 in return. Despite higher
fixed costs (N3,657,000), the payback
period was just 0.05 years (~19 days),
demonstrating rapid investment
recovery. Conversely, open-field
irrigated farming remained financially
unsustainable, with a negative net return
of -N731,450 and a BCR of 0.89, failing
to generate sufficient revenue to cover
production expenses.

Overall, this study provides strong
quantitative evidence that CEA
significantly outperforms open-field
chilli pepper farming in both water
efficiency and economic returns,
reinforcing its potential for large-scale
adoption in resource-constrained
agricultural systems.

8. Recommendations
To enhance the adoption of poly-tunnel

farming and improve water use
efficiency in chili pepper cultivation,
we propose the following targeted
strategies:

1. Financial Incentives and Subsidies
for Poly-Tunnel Adoption

Given the high initial investment
required for poly-tunnel farming,
targeted subsidies should be introduced
to support smallholder farmers. The
Anchor Borrowers' Programme (ABP)
in Nigeria could be expanded to include
funding for controlled environment
agriculture (CEA). Additionally, the
Federal Ministry of Agriculture and
Rural Development (FMARD) should
collaborate with state governments to
provide direct financial assistance for
poly-tunnel infrastructure.

2. Low-Interest Credit Schemes for
CEA Investment

Access to affordable financing remains
a key barrier to poly-tunnel adoption.
We recommend the establishment of
low-interest credit schemes through the
Bank of Agriculture (BOA) and the
Nigeria Incentive-Based Risk Sharing
System for Agricultural Lending
(NIRSAL). These institutions could
develop CEA-specific loan packages
with flexible repayment terms to
encourage investment in water-efficient
farming technologies.

3. Public-Private Partnerships
(PPPs) for Infrastructure
Development

To scale up poly-tunnel farming, public-
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private partnerships (PPPs) should be
leveraged to attract investment in CEA
infrastructure. The African
Development Bank (AfDB) and the
International Fund for Agricultural
Development (IFAD) could collaborate
with local agribusinesses to provide
funding and technical support for poly-
tunnel systems. Additionally, private
sector involvement in equipment
leasing programs could reduce upfront
costs for farmers.

4. Capacity Building and Technical
Training for Farmers

Effective poly-tunnel farming requires
specialized knowledge in irrigation
management, climate control, and pest
regulation. We recommend the
implementation of nationwide farmer
training programs through agricultural
extension services. The National
Agricultural Extension and Research
Liaison Services (NAERLS) should
integrate CEA-focused workshops into
existing farmer education initiatives.

5. Policy Integration and Institutional
Support

To ensure long-term sustainability,
poly-tunnel farming should be
incorporated into national agricultural
policies. The Federal Ministry of
Agriculture and Rural Development
(FMARD) should develop CEA-
specific guidelines that align with
Nigeria's National Agricultural
Technology and Innovation Policy
(NATIP).Additionally, local
governments should provide land-use

Incentives for farmers adopting poly-
tunnel systems.

6. Research and Data-Driven Policy
Formulation

Further research is needed to assess the
long-term economic and environmenta
impacts of poly-tunnel farming. We
recommend the establishment of CEA
research hubs within universities and
agricultural institutes to generate data-
driven policy recommendations.
Collaboration with international
research organizations such as the
International Institute of Tropical
Agriculture (IITA) could enhance
knowledge-sharing and innovation in
water-efficient farming.

By implementing these specific
financial, institutional, and technical
strategies, policymakers can effectively
promote poly-tunnel adoption, ensuring
sustainable agricultural practices and
enhanced water use efficiency in chili
pepper cultivation.
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Introduction

Over the years and the world over, fruits
and vegetables have been considered as
important parts of a healthy diet due to
their health promoting properties and
their capacity for preventing several
diseases (Jeffery, 2005; Shashirekha et

management of heart related conditions.
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eir usefulness in the prevention and
ty five grams each of whole watermelon

ed separately without water, poured in
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result of the mineral composition of the
nificantly higher content of sodium and
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spectively. Based on the findings of this
1 and beetroot could be of great health
on and management of heart related
at healthy individuals and those with
intake of watermelon and watermelon

tive, biochemical, comparative analysis

al., 2015). Fruits and vegetables are
good sources of vitamins, such as
vitamin C and A, they are good sources
of minerals such as electrolytes, they
have a high concentration of
phytochemicals especially the
antioxidants such as flavonoids and
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betalamins (Alemu, 2024), and they are
also being recommended as a very good
sources of dietary fiber (Dhingraet. al.,
2011).

Fruits and vegetables are classified from
botanical and culinary points of view.
Botanically, fruits contain seeds and
develops from the flowering part of a
plant. Vegetables on the other hand are
the other parts of a plant, such as the
leaves, stem, roots, and bulbs (Ajimera,
2024; Medical News Today, 2024).
From the culinary standpoint, fruits are
often associated with sweet taste. While
vegetables are associated with a savory
taste (Medical News Today, 2024).
Commonly eaten fruits worldwide
include: apple, pear, orange, grape,
lemon, pineapple, watermelon among
others. Vegetables include: celery,
spinach, lettuce, amaranthus, and
beetroot among others Watermelon
(Citrullus lanatus), a juicy and sweet
fruit, having bright red flesh, is one of
the commonly eaten fruits in Nigeria.
Watermelon is low in calories, free of fat
and contains a significant amount of
vitamins A, B6 and C, lots of lycopene,
other antioxidants and amino acids, and a
moderate quantity of potassium (Szalay
& Dobrijevic, 2022). Watermelon
contains approximately 92% of water,
hence, it can be used as a means for
guenching thirst during hot weather
conditions (Jeanings & Hallal, 2024). In
addition, all the parts of watermelon, the
pulp, seeds, rind and peels, are edible
and contain significant amount of
nutrients and phytochemicals.

Beetroot (Beta vulgaris L) is a natural
multivitamins containing vitamins,
minerals, nitrates, dietary fibre,
phytochemicals and other beneficial
nutrients for boosting health and
performance. In recent times, the
beetroot has become popular as a
potential functional food in preventing
and treating multiple diseases (Chen et
al., 2021). Previous researches have
reported that beetroot is made up of
numerous phytochemicals such as
betalains, flavonoids, polyphenols and
saponins. Beetroot, according to Singh
and Hathan (2014), is also rich in
minerals such as potassium, sodium,
phosphorous, calcium, magnesium,
copper, iron, zinc and manganese.

Numerous health benefits that are
associated with the intake of
watermelon and Beetroot have been
reported in the literature. These include:
improving cardiovascular health,
reducing blood pressure in hypertensive
patients, decreasing LDL (low-density
lipoproteins) and fighting against age-
related degenerative diseases and
certain types of cancer (Mirmiran 2020;
Meghwar et al., 2024).Thus making
them useful ingredients in the dietary
management of non- communicable
diseases such as diabetes mellitus and
hypertension.

To determine the nutritional values and
chemical properties of food items, it is
important to carry out a food analysis.
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This will help in identifying the
nutrients, phytonutrients, antioxidants
and other substances present in such
foods (Infinita, 2023). One of the
components of food analysis, is the
determination of the proximate
composition of foods, also called
proximate analysis. Proximate analysis
Is defined as a chemical method used for
determining the moisture, ash, protein,
fats and carbohydrate components of
food samples (Fiveable, 2024). Through
proximate analysis, a comparison of the
nutrient value of different food
substances can also be carried out so as
to determine their nutritional value and
to determine which food substance is
higher or lower in a particular food
nutrient or whether both food items are
having similar nutritional values.

Determining the mineral composition
of edible food substances, is another
component of food analysis. This entails
determining the presence and amounts
of various inorganic elements found in
such food substances. Mineral elements
in food could be macro-minerals such as
calcium, magnesium, phosphorus,
sodium, potassium, chloride, and sulfur,
or trace minerals such as iron, copper,
iodine, zinc, manganese, fluoride,
cobalt, and selenium. Minerals play
important roles in the normal
functioning of the body. For example,
calcium and phosphorus play vital roles
in building and maintaining bones and
teeth, sodium and potassium help in
fluid and maintaining electrolyte
balance, calcium, potassium and

magnesium helps in impulse and muscle
contractions, iron is vital for blood
formation, zinc and selenium play vital
roles in immune system functions and
lots more. It is therefore essential to
determine the mineral composition of
foods so as to provide an insight to the
type of mineral element contained in a
food substance.

In addition to proximate and mineral
analysis, determining the anti-oxidative
properties of food is another component
of food analysis. Antioxidants are
compounds which, helps to delay,
control or prevent oxidative processes
that cause food quality deterioration or
the propagation of degenerative
diseases in an organism (_Munteanu &
Apetrei, 2021). Antioxidants prevent or
slow cell damage that are caused by free
radicals, which are unstable molecules
that the body produces as a reaction to
environmental and other pressures
(MedicalNews Today,2025),
Antioxidants can be obtained from plant
based food sources such as fruits and
vegetables. Antioxidants include
Lycopene, Phenols, Akaloids,
Flavonoids and many others and they
and they play vital roles in the
maintenance of human health.

Flavonoids, an antioxidants found in
fruits, herbs, stems, cereals, nuts,
vegetables, f lowers and seeds
(Feliciano, 2015: Shan et al., 2017) have
been used extensively in the field of
medicine as anticancer (Zhao et al.,
2019), antimicrobial, antiviral,
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antiangiogenic (Camero et al., 2018),
antimalarial, antioxidant,
neuroprotective, antitumor, and anti-
proliferative agents (Patel et al., 2018).
In addition, Flavonoids has been
reported to have the potential of
preventing cardio-metabolic disorders
(Mazidi et al., 2018), and also to be an
effective antihypertensive agent (Khan
et al., 2018). Alkaloids, another kind of
antioxidant, have been reported to have
thepotentialofcuring
neurodegenerative diseases by targeting
the oxidative stress mechanism (Sirin et
al., 2023).

Phenolic compounds, another
antioxidants found in food, has been
reported to possess several health
benefits such as antibacterial,
antihyperlipidemic, anticancer,
antioxidants, cardioprotective,
neuroprotective, and antidiabetic
properties (Zeb, 2020). Lycopene, a fat-
soluble carotenoid, is another
antioxidant worthy of note. This
carotenoid, a bioactive organic pigment,
is found in pink grapefruit, papaya,
guava, apricot, watermelon, tomatoes
and vegetables. Lycopene has been
reported to be one of the strongest
antioxidants among carotenoids (Imran
et al., 2020). Several studies have
investigated the potential of lycopene to
mitigate risk factors for obesity, type 2
diabetes mellitus, and cardiovascular
diseases, conditions characterised by
dyslipidaemia, oxidative stress, and
inflammation (Swigtkiewicz , et al.,

2023). Research suggests that regular
consumption of lycopene as a dietary
supplement can potentially remediate
insensitivity to insulin, hypertension,
and obesity- related metabolic
complications (Rejali et al., 2022).

Over the years, there has been a lot of
claims on the beneficial effects of some
foods over the others without much
research-based evidence. Although the
literature has reported much about the
nutritional and anti-oxidative properties
of watermelon and Beetroot, not much
has been done to compare the nutritional
quality of these food items in relation to
their suitability in the nutritional
management of non-communicable
diseases. Hence the purpose of this
study.

Materials and Methods

Sample collection and Preparation
The samples of Water melon (Citrullus
lanatus) and Beetroot (Beta vulgaris L)
were obtained from two fruit shops that
were purposively selected for their
hygienic dispositions in Ado-EKiti, the
capital city of Ekiti State. After a
thorough washing of the samples,
Eighty five grams each of whole
watermelon and beetroot (that is,
watermelon and beetroot containing the
flesh,peel and seeds) were
homogenized using a blender without
adding water, poured in separate coded
containers and refrigerated. The
refrigerated samples were then used for
the mineral anti-oxidative analyses
using standard procedures.
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Analysis of the Mineral Contents of
Samples

To determine the mineral composition
of the samples, 1g of each sample to be
analysed for mineral content was ashed,
filtered and diluted with 5% HCL and
5%Nitric acid. The solution was kept in
a reagent bottle. The mineral content in
the samples were determined using the
Atomic Absorption Spectrophotometry
(AAS). The minerals determined from
whole Beetroot and Watermelon
include:Sodium, potassium,
phosphorus and magnesium.

Analysis of the Anti-oxidative
Properties of Samples

The analysis of the anti-oxidative
properties involves the determination of
the flavonoids, alkanoids, lycopene, and
phenolic compounds in each food
sample using standard procedures

Statistical Analysis
Data analysis was carried out using

SPSS version 23. The result of data
analysis were expressed as mean and
standard deviation. Differences in the
mean values of the minerals and
antioxidants were obtained using t-test,
All inferences were made at 0.05 level
of significance

Results

The result obtained from this study
shows that there is a significant
difference in the mineral composition of
watermelon (flesh only), whole
watermelon and whole beetroot. Whole
watermelon has more of sodium and
potassium than whole beetroot.
However, beetroot has more of
magnesium and phosphorus than
watermelon. In addition, the result
obtained from this study shows that
Beetroot has a higher content of
flavonoids, phenols and lycopene than
watermelon, although the difference is
not significant. Watermelon on the other
hand has a significantly higher content
of alkaloids than beetroot (Table 2).

Table 1: Comparison of the Mineral Content of Watermelon and Beetroot
Watermelon | Beetroot
Mineral (whole)% (whole)% t p
NA (ppm) 80.6+0.14 75.310.28 -23.702  0.002
K (ppm) 110.3+£0.42 70.4+0.14 -126.175  0.000
Mg (ppm) 47.0+0.35 56.3+0.21 31.898 0.001
P (ppm) 40.4+0.21 42.9+0,49 6.565  0.022
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Table 2: Comparison of the Anti-oxidative Composition of Watermelon and

This study was carried out to compare
the mineral content and the anti-
oxidative compositions of watermelon
and beetroot. The findings of this study
showed that watermelon has more of
sodium and potassium than beetroot,
while beetroot has more of magnesium
and phosphorus than watermelon. Abdo
et al., (2020) also reported that beetroot
has high phosphorous content. This
finding is also likely to be the as a result
of the high protein content of
watermelon.

The findings of this study show that
beetroot is higher in flavonoid, phenols
and lycopene than watermelon. This is
similar to the findings of Ceclu and
Oana-Viorela (2020) who also reported
that beetroot is high in phenolic
compounds. Watermelon on the other
hand is higher in alkaloids than beetroot
and this might be due to a higher protein
content of watermelon than beetroot.

The high level of anti-oxidative
composition, mineral and fiber contents
of watermelon and beetroot suggests
their usefulness in the prevention and

Beetroot
Watermelon Beetroot
Antioxidant (whole) mg/g %  (whole)mg/g % t P
Flavonoid 15.4+6.60 21.9+5.90 -1.043 0.407
Alkaloids 15.8+0.81 1.7+1.97 9.308 0.011
Phenolic Compounds 8.7+0.09 46.0+18.2 -2.912 0.100
Lycopene 21.9+0.27 27.8+6.11 -1.389 0.299
Discussion dietary management of chronic diseases

like diabetes, obesity and high blood
pressure. According to Mirmiran 2020;
Meghwar et al., 2024, the intake of
watermelon and beetroot is associated
improvement in cardiovascular health,
lowering of blood pressure in
hypertensive patients, decreasing LDL
(low-density lipoproteins) and fighting
against age-related degenerative
diseases and certain types of cancer,
Thus making them useful ingredients
in the dietary management of non-
communicable diseases such as
diabetes mellitus and hypertension.

Conclusion

Based on the findings of this study, it
can be concluded that both watermelon
and beetroot are of good nutritional
value in terms of the proximate, mineral
and anti-oxidative compositions. Only
slight variations exist between them.
Also, except for alkaloid that is
conspicuously lower in beetroot than in
watermelon, both watermelon and
beetroot show a high level of
antioxidants properties. It is therefore
recommended that individuals,
irrespective of health status, have a
liberal intake of watermelon and




Vol.9 Issue 2, 2024 Eki

i State Un

iversity Journal of Science and Technology (EJST) =

beetroot so as to enjoy the nutritional,
anti-oxidative and other benefits. Also,
future research to determine the
servings of watermelon and beetroot
that will best suited for the management
of selected chronic diseases is required.

References

Abdo, E., EI-Sohaimy, S., Shattout, O.,
Abdallaha & Zeatoun, A. (2020).
Nutritional evaluation of
beetroots (Beta Vulgaris L) and
its potential application in a

functional beverage. Plants.
Basel. 9 (12): 1752.
Aderiye,B.Il.etal

(2020).Immunomodulatory and
phytochemical properties of
watermelon juice and pulp
(citrullin lanatus linn): A review.
GSCBiologicaland

Pharmaceutical Sciences.11
(02); 153-165.
Ajimera, R. (2024). What's the

difference between fruits and
vegetables?
https://www.healthline.com /nutrition/
fruits-vs-vegetables#TOC TI TLE HDR 7
15/09/2024.
Alemu, T. K. (2024). Nutritional
contributions of fruit and
vegetable for human health: A
review International Journal of
Health Policy Planning. 3(1):1-9,
Camero C.M., Germano M.P,
Rapisarda A., D'Angelo V., Amira
S., Benchikh F., Braca A., De Leo
M (2018). Anti-angiogenic
activity of iridoids from Galium
tunetanum. Rev. Bras. de

Farmacogn. 28:374-377. doi:
10.1016/j.bjp.2018.03.010.
Ceclu, L. & Oana-Viorela, N. (2020),
Red beetroot: composition and
health effects-a review. Journal
of Nutritional Medicine and Diet
Care. 6(1), 1-9

Chen,L., Zhu,Y., Hu,Z., Wu, S. & Jin,

C.(2021). Antioxidant,
antitumor, physical function,and
chronic metabolomics activity.
Food Science and Nutrition.
9(11): 6406-6420.

Dhingra, D., Michael, M., Raiput, H. &
Patil, R. T. (2011). Dietary fibre
in foods: a review. Journal of
Food Science and Technology 49
(3): 255-266.

Feizy, J., Jahai, M., & Fasy (2020).
Antioxidant activity and mineral
content of watermelon peel.
Journal of food and Bioprocess
Engineering. 3(1): 35-40.

Feliciano R.P., Pritzel S., Heiss C. &
Rodriguez-Mateos A.(2015).
Flavonoid intake and
cardiovascular disease risk.
Curr. Opin. Food Sci. 2:92-99,
doi: 10.1016/j.cofs.2015.02.006.

Fiveable (2024). Proximate analysis —
Principles of food science.
https://library.fiveable.me/key-
terms/principles-food-
science/proximate-analysis

Imran M., Ghorat F., Ul haq I., et al.
Lycopeneas a natural
antioxidant used to prevent
human health disorders.
Antioxidants. 9 (8):706-727.
doi: 10.3390/antiox9080706.



https://www.healthline.com/nutrition/fruits-vs-vegetables
https://www.healthline.com/nutrition/fruits-vs-vegetables
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hu%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wu%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Jin%20C%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8565237/

Vol.9 Issue 2, 2024 Eki

i Stai

e Un

iversity Journal of Science and Technology (EJST) =

Infinita (2023). Laboratory food
analysis: The nutritional value of
foods.

Jeffery, E. (2005). Component
interactions for efficacy of
functional foods. Journal of
Nutrition, 135, 1223-1225.
10.1093/jn/135.5.1223

Jennings, A. N. & Hallal, F. (2024). The
top health benefits of
watermelon. 15/09/2024.

Khan S., Khan T. & Shah A. J. (2018).
Total phenolic and flavonoid
contents and antihypertensive
effect of the crude extract and
fractions of Calamintha vulgaris,

Phytomedicine. 47:174-183.

d 0 [ X
10.1016/j.phymed.2018.04.046.

Manivannan, A. et al (2020). Versatile
neutraceutical potentials of
watermelon. A modest fruit
loaded with pharmaceutically
valuable phytochemicals.
Molecules. 25(22): 5258.

Mazidi M., Katsiki N., Banach M. A
(2019). Higher flavonoid intake
is associated with less likelihood
of nonalcoholic fatty liver
d i sease: Results f rom a
multiethnic study. J. Nutr,
Biochem. 65 :66 —71 . doi:
10.1016/j.jnutbio.2018.10.001.

Medical New Today (2024). What is the
difference between fruits and
vegetahbles
https://www.medicalnewstoday.
com/articles/fruits-vs-
vegetables#affordable-options.
Accessed 15/09/2024.

MedicalNewsToday (2025). How can
antioxidant benefit our health?
https://www.medicalnewstoday.
com/articles/mushroom-coffee-
benefits#summary

Meghwar, P., Saheed, S. M. G, Ullah, A.
Nikolalakis, E., Panagopoulou
E., Tsoupras, Dimaoui, S. &
Khaneghah, A. M. (2024).
Nutritional benefits of bioactive
compounds from watermelon: A
comprehensive review. Food
Bioscience. 61, 104609

Mirmiran, P., Houshialsadat, Z., Gaeini,
Z. et al. (2020).Functional
properties of beetroot (Beta
vulgaris) in  management of
cardio-metabolic diseases. Nutr
Metab. 17,
3https://doi.org/10.1186

512986-019-0421-0

Munteanu, I. G. & Apetrei C. (2021),
Analytical methods Used in
determining antioxidant activity:
A review. Int. J. Mol. Sci. 22(7),

3 3 8 0 :
https://doi.org/10.3390/ijms220
73380

Patel K., Kumar V., Rahman M., Verma
A. & Patel D. K. (2018). New
insights into the medicinal
importance, physiological
functions and bioanalytical
aspects of an important bioactive
compound of foods 'Hyperin'
Health benefits of the past, the
present, the future. Beni-Suef
Univ. J. Basic Appl. Sci. 7:31-42.
doi:10.1016/j.bjb
as.2017.05.009.



https://www.medicalnewstoday.com/articles/fruits-vs-vegetables
https://www.medicalnewstoday.com/articles/fruits-vs-vegetables
https://www.medicalnewstoday.com/articles/fruits-vs-vegetables
https://doi.org/10.1186/s12986-019-0421-0
https://doi.org/10.1186/s12986-019-0421-0
https://doi.org/10.3390/ijms22073380
https://doi.org/10.3390/ijms22073380

Vol.9 Issue 2, 2024 Eki

i Stai

e Un

iversity Journal of Science and Technology (EJST) ;._2

Rejali L., Ozumerzifon S., Nayeri H. &
Asgary S. (2022). Risk reduction
and prevention of cardiovascular
diseases: biological mechanisms
of lycopene. Bioactive
Compounds in health and
disease . 5(10):202-221. doi:
10.31989/bchd.v5i10.975.

Singh, B, & Hathan, B. S. (2014).
Chemical composition,
functional properties and
processing of beetroot—a
review. Int J Sci Eng Res.
5(1):679-684

Sirin, S., Dolanbay, S. N. & Aslim, B.

(2023). Role of plant derived

alkaloids as antioxidant agents

for neurodegenerative diseases.

Health Sciences Review. 6; 1-11.

Zeb A. (2020). Concept, mechanism,

Zhao L., Yuan X., Wang J., Feng Y., Ji F.,

and applications of phenolic
antioxidants in foods. Journal of
Food Biochemistry,
44(9):e13394. doi:
10.1111/jfbc.13394.

Li Z., & Bian J.(2019). A review
on flavones targeting
serine/threonine protein kinases
for potential anticancer drugs.
Bioorganic Med.Chem,
27:677-685. doi:
10.1016/j.bmc.2019.01.027.




Vol.9 Issue 2, 2024 Ekiti Sta

e Un

iversity Journal of Science and Technology (EJST) =

Numerical Assessment of
Advection-Diffusion Model

Ekiti State University

a\
De

Oluwatayo Michael Ogunmilorg
Oluwagbenga Sam
‘Department of Mathematic

A

corresponding author email: olu

White Noise-Enhanced
scribing Water Pollution

', Kayode James Adebayo’,
el Akinwumi’

s, Faculty of Science,

do - Ekiti, Nigeria.

vatayo.ogunmiloro@eksu.edu.ng

Abstract.
This study concerns the dynamics of w
derivation using the advection-diffusion-

effects of variable flow velocities, diffusion
the dispersion of pollutants within | aq
deterministic framework of the model dep

pollutant dispersion patterns under diver

reflect the erratic behavior of pollutants

Keywords: Stochastic, partial differential

1. INTRODUCTION

Water pollution represents one of the
mostpressingenvironmental
challenges of the 21st century, affecting
ecosystems, human health, and
economic development across the
globe, Goel (2006). The nature of water
systems, coupled with anthropogenic
activities, result in diverse pollution
scenarios that necessitate sophisticated
analytical approaches, (Yang et al.,

ate
ree
expanded to include stochastic influences [
discretized Runge-Kutta fourth-order methoc
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ua
ict

while its stochastic extension introduc
unpredictability characteristic of natural wa
between deterministic and stochastic |scena

Se

findings show the essential role of incorpo
an
dispersion processes within natural water boc

q

c

r pollution through a detailed model
ction principle. The model is further
)y integrating white noise. Utilizing a
1 (RK4) for the numerical solution, the
efficients, and stochastic white noise on
tic environments were studied. The
s the pollutant dispersion phenomenon,
es the element of environmental
ter systems. The comparative analysis
rios reveals significant differences in
initial and boundary conditions. The
rating stochasticity to more accurately
d the inherent unpredictability in the
lies.

ation, discretized RK4

2025). Mathematical modeling has
emerged as a viable tool in
understanding the dynamics of
pollutant dispersion, providing tools tg
predict the behavior of pollutants under
various conditions. Among these tools,
the advection-diffusion-reaction
models stand out for their ability to
simulate the transport, spread, and
transformation of pollutants within
aquatic environments.
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A range of studies has explored the
mathematical modeling of water
pollution. Teixeira & Auruch (2005)
utilized the finite element method to
stdy fluid-structure interaction while
Krivykh (2016) focused on the practical
implementation of modeling algorithms
for groundwater pollution. Gray &
Prider (1976) discussed the role of
mathematical models in predicting
pollution levels and proposed a specific
numerical treatment for the generalized
transport equation. Goodman (1966)
developed a methodology for studying
the interrelationships of water pollution
control programs and constructed a
mathematical model for a river stretch,
which was programmed for electronic
computers. Carstens & Amer (2019)
demonstrated how pollutants move
downstream, showing increasing
pollution area but decreasing
concentration, with spatial-temporal
changes. Mazaheri et al. (2015)
presented a simple mathematical model
for river pollution point sources.
Simeon & Koya (2015) developed a
water pollution reaction-diffusion
modeling system by showing a
downstream movement of pollutants
with reduced concentration, stagnation
in certain regions, and harmful effects
from chemical reaction products
exceeding threshold values.

Moreover, some s tudies have
investigated the use of discretized
Runge-Kutta fourth-order methods for
advection-reaction models. Calvo et al.,

(2001) and Kennedy & Carpenter
(2003) developed linearly implicit
Runge-Kutta methods for the numerical
integration of the semi-discrete
equations arising from spatial
discretization, while Calvo (2001)
showed that these methods were
competitive with standard time
integrators. Kennedy (2003) explored
Adaptive Runge-Kutta (ARK) methods
for convection-diffusion-reaction
equations, presenting implicit-explicit
RK methods that integrate stiff terms
with an L-stable method and non-stiff
terms with an explicit method. Chan et
al., (2014) introduced a novel approach
to discretizing differential equations by
applying it to the development of
efficient numerical schemes for
advection equations using two-
derivative Runge-Kutta methods.

The application of advection-diffusion-
reaction models in environmental
sciences has a rich history, with
deterministic approaches historically
dominating the field. Early models
focused on simulating the physical
processes governing pollutant transport
in water bodies, with works like Fischer
etal., (1979) laying the groundwork for
understanding the mechanics of
advection and diffusion. These models
have been instrumental in designing
pollution mitigation strategies and
assessing environmental impacts.
However, as noted by Jorgensen and
Bendoricchio (2001), deterministic
models, while useful, often simplify the
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complex interplay of factors influencing
ecological pollutant behavior, leading to
a gap between predictions and real-
world observations.

The recognition of this gap has spurred
interest in stochastic modeling as a
means to incorporate the uncertainty
and variability characteristic of natural
environments. Pioneering work by
Neuman (2003) highlighted the
potential of stochastic processes to
enhance the realism of environmental
models, acknowledging the limitations
of deterministic approaches in capturing
the spatial and temporal variability of
natural systems. Subsequent studies
have built on this foundation, exploring
various aspects of stochastic modeling,
from the incorporation of random noise
to simulate turbulence Tartakovsky,
(2007) to the development of hybrid
models that combine deterministic and
stochastic elements Yoon and Kang
(2023).

In the specific context of water
pollution, the work by Smith and
Schwarz (2011) and the advancements
by Tartakovsky (2013) stand out. They
have explored the application of
numerical methods, including the
Runge-Kutta schemes, to solve
increasingly complex stochastic
differential equations that models
pollution dynamics. These studies
underline the importance of adopting a
multifaceted modeling approach that
acknowledges both the predictable

patterns of pollutant dispersion and the
unpredictable fluctuations resulting
from environmental variability.

Understanding the transport and
transformation of pollutants in water
bodies is crucial for effective
environmentalmanagement.
Mathematical modeling, particularly
advection-diffusion-reaction  models,
serves as a fundamental tool for
simulating pollutant dynamics. This
research builds upon these models by
incorporating both deterministic and
stochastic approaches to capture the
complexity of real-world scenarios,
aiming to improve predictions of
pollutant dispersion and inform
mitigation strategies. Previous studies
cited have extensively employed
advection-diffusion-reaction models to
simulate pollutant behavior in aquatic
environments. However, deterministic
models often fall short in accounting for
natural variability and uncertainties.
Recent advancements have seen the
integration of stochastic processes into
these models, offering a more nuanced
understanding of pollution dynamics.
This study draws inspiration from
works such as those by Tartakovsky
(2013), who emphasize the role of
stochastic modeling in environmental
sciences, and Guo and Cheng (2019),
who highlight the application of RK
methods in solving complex PDESs in
water pollution models.

In our methodology section, we explore
the utilization of the discretized Runge-
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Kutta 4th order method (RK4) for
simulating water pollution dynamics
through an advection-diffusion-
reaction model. The ordinary RK4
method is widely recognized for itg
higher-order accuracy, making it adept
at handling a broad range of differential
equations with a notable degree of
precision. This accuracy is particularly
beneficial in environmental models
where capturing subtle changes in
pollution concentration over time and
space is crucial. Moreover, RK4's
stability, even for relatively larger time
steps compared to lower-order methods,
allows for efficient computation
without sacrificing solution fidelity.

Despite these advantages, the RK4
method also presents challenges that
necessitate careful consideration in its
application. The method's requirement
for multiple function evaluations per
steptranslates to increased
computational load which poses
potential issues for extensive models or
simulations extending over long
durations. This aspect raises concerns
regarding computational resources and
efficiency, especially when dealing with
large-scale  environmental models.
Additionally, RK4's fixed step size
approach may not adequately adapt to
the varying dynamics of a solution,
potentially leading to inefficiencies or
the need for manual adjustment to
maintain an optimal balance between
accuracy and computational demand.
Moreover, while RK4 exhibits

commendable performance in a wide
array of scenarios, its application to stiff
equations or highly nonlinear problems
can be problematic. Stiff equations,
characterized by rapidly changing
solution components, may necessitate
impractically small time steps for
stability, rendering RK4 less effective or
efficient compared to methods
specifically designed for such cases,
which led to our use of the discretized
form.

Traditionally, these models have
provided clear insights into the potential
outcomes of pollution events under
specific, predefined conditions.
However, natural water bodies are
subject to a myriad of unpredictable
influences, from fluctuating water flows
to sudden changes in pollutant sources,
which deterministic models may not
fully capture. Recognizing this gap,
recent efforts in environmental
modeling have turned towards
stochastic methods, which introduce
randomness into the equation, thereby
mimicking the inherent variability of
natural systems more closely. This study
aims to bridge the deterministic and
stochastic approaches, by providing a
comprehensive analysis of water
pollution dynamics that reveals both the
predictable and unpredictable aspects of
environmental systems. Building upon
this rich body of literature, the present
study aims to contribute to the ongoing
dialogue on modeling water pollution
dynamics. By comparing
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deterministic and stochastic advection-
diffusion-reaction models, this research
seeks to illuminate the strengths and
limitations of each approach, providing
insights that could enhance future
modeling efforts and inform more
effective environmental management
strategies. Through this comparative
analysis, the study shows the necessity
of embracing complexity and
uncertainty in environmental modeling
to better reflect the realities of natural
water systems and improve the
predictability of pollution outcomes.

2. METHODOLOGY
In order to formulate the model, the
following assumptions were made.

Continuityand
Differentiability: Assumes
pollutant concentration and
parameters are continuous and
differentiable, which may not
hold in discrete environments.

Homogeneity of Stochastic
Noise:The white noise
assumption suggests statistical
homogeneity and independence,
potentially oversimplifying
environmental variability.

Spatial and Temporal
Variability: While
accommodating variable flow
and diffusion, accurately
quantifying these parameters
remains challenging.

Consider, C(x,t) as the concentration of
a pollutant at position x and time t, u(x,t)
as the variable flow velocity, and D(x,t)
as the variable diffusion coefficient. The
advection term, incorporating variable
flow velocity, is given by

ac
ulx,t) = I (1)
The diffusion term, incorporating a
variable diffusion coefficient, is
described as

a ac
5 (Pat) =--) (2)
Assuming a constant reaction rate k, the
reaction term is - kC, combining the
advection, diffusion and reaction terms
yields the following partial differential
equation given by

(0

a
ax

To solve (3), we specify initial and

boundary conditions. The initial

distribution of pollutant concentration

IS given by:

C(x,0) = C,(x)

ac
——tu

ac
t —
gr Tulxt) 5

(4)

We consider two types of boundary
conditions. Dirichlet boundary
condition specifies the concentration at
the boundaries,

c0,)=£B.ce=fe O

where L is the length of the domain. The
Neumann Boundary Condition
Specifies the flux of the pollutant at the

boundaries:

ac

E |x=|} = go (t] (6)
B (7)

E le=1 = 4;(t)
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e  Advection Term: (u(x»t}g—j)
Represents the transport ot
pollutants by water flow, with
velocity u(x,t) capturing spatial
and temporal variations. This
term is crucial for modeling how
pollutants are carried by moving
water.

. Diffusion Term: ;—x(D(x,t)g—j)
Accounts for pollutant spreading
due to concentration gradients,
while the variable diffusion
coefficient D(x,t) reflects the
impact of environmental factors
like temperature and salinity on
mixing processes.

o Reaction Term: —kc
Models chemical or biological
reactions affecting pollutants,
with k summarizing reaction
Kinetics. This term encompasses
degradation, decay, or
transformation processes.

. Stochastic Noise Term: ne(x, t)
Introduces random fluctuations,
capturingunpredictable
environmental processes. The
intensity & scales the impact,
while: n(x,t) represents white
noise with mean 0 and variance 1.

The introduction of stochastic noise into

the advection-diffusion-reaction model
provides a more realistic framework for
modeling water pollution. This
approach accounts for random

fluctuations arising from various
physical and environmental processes,
such as turbulent flows, variable
reaction rates, and environmental
changes. Typically, these stochastic
effects are represented by adding a noise
term to the model, commonly modeled
as Gaussian or white noise. The
resulting model is a stochastic partial
differential equation (SPDE). The
modified equation that incorporates

stochastic noise is expressed as:

ac d

ac ac
a3 +u(x, t}a = a(ﬂ{:x, t) E) —kC cm[x, t} (8

To clarify the application of the
discretized Runge-Kutta 4th order
(RK4) method to our advection-
diffusion-reaction model, let's
explicitly write out the expressions fog,
tok,foragiven grid pointi at time step n.
These expressions incorporate the
spatial discretization for advection,
diffusion, and reaction processes. Given
the discretized form of our model
equation at grid point i:

dc,

it _Ci+1 —Ciy
dt

2Ax

_Ci+1 —2C+Ciy
Ax?

Ci+1 — Ci—l (9
2Ax

—kC;+ on

Where Ci is the concentration at spatial
point i, ui is the flow velocity, Di is the
diffusion coefficient, k is the reaction
rate, AX is the spatial step size, and the
derivatives are approximated using
central differences.

For each time step from t tot , we
calculate:

ki: The slope at the beginning of the time
step, using the current state of the
system.

Ciry —Ci—y
2Ax

Cha—C% +D, Chy—200+C2y w

on
—kCl
2Ax ! Ax? ot

key = f(t,, ) = —u,
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ki: The slope at the midpoint of the time
step, using the state estimated by k..
At At
= — rna 11
k, f(tﬂ+2,ﬂ'!- +2k1) (11)
ks:Another slope at the midpoint, but
using the state estimated by k.
At At
_ At . At (12)
k, f(tﬂ+ P+ kz)
k.: The slope at the end of the time step,
using the state estimated by k.

ky = f(t, +At, CI + Atky) 13)

After calculating ki, ki, ki and ki, the
concentration at the next time step is
updated using the weighted average of
these slopes:

At
Ch,=0C" +E{k1 + 2k, +2k; + k) (19)

This process is repeated for each grid
point i across the spatial domain and for
each time step n, with appropriate
handling of boundary conditions. The
RK4 method's advantage lies in itg
higher-order accuracy, making it
suitable for more complex or sensitive
simulations where precision is critical.
The algorithm implemented in python
computational software is given below.

«Algorithm: Runge-Kutta 4th Order
Method for Advection-Diffusion-
Reaction Mode
. Define the spatial domain x in the
interval [0, L] with N intervals.
The spatial stepL> size is given by
AN=N
. Define the time domain t in the
interval [0, T] with a time step
size At
Initialize the concentration array
C? based on the initial condition C
(x,0).

Define the flow velocity u (x, t),
diffusion coefficient D (x, t), and
reaction rate k

Foreach time step
(fromn=0toTaAt—1,do /).

. For each spatial point (fromi =
1toN-1).
Compute.k; = f(t,.C)

At At
Compute k, = f(tﬂ +§,c!. 4 Eki)
Compute , = f(tﬂ +Et,c;“ + —tkz)

2
Compute k, = f(t, + At,C* + Atk;)

o~ WD PE

Update the concentration at the
next time step:

n
I‘:rli-l-i

At
=cr +E(k1+2kz + 2k, + k)
End for:

Apply the boundary conditions
to ;' and cptt

End for:

Return the final concentration
array C.

3. RESULTS

The numerical simulations of the model
In (8) in view of (1) — (14) is performed
using python computational software.
The plots below show the evolution of
the contaminant concentration profile in
a scenario with spatially varying flow
velocity. Each curve represents the
concentration profile at different time
points, illustrating how the pollutant
dispersion is influenced by the changing
velocity. As the flow velocity increases
along the spatial domain, the advection
term (transport of pollutants by the flow
of water) becomes more pronounced,
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especially in downstream regions. This
leads to a faster movement of the
concentration of pollution which
enhances the spreading of the pollutant
due to the combined effects of advection
and diffusion. The increasing flow

velocity effectively stretches the
concentration profile along the flow
direction, illustrating how spatial
variations in flow velocity can
significantly affect the transport and
dispersion of pollutants in water bodies.

Figure 1, describes evolution of the
concentration profile under advection,
diffusion, and reaction processes, with
added white noise to simulate
environmental variability. The results
are visualized by plotting the initial and
final concentration profiles, showing

1.0 4 === Deterministic solution
- Stochastic solution
0.8 4
S
2
£ 064
&
c
=]
o
€ 04
g
o
o
0.2 1
0.0 1
O.TO 0.,2 O.'4 0?6 0?8 1?0
Position, x
Figure 1: The Concentration profile under|advection, diffusion, and reaction processes, with
added noise to simulate environmental variability

the impact of stochastic noise on the
system's dynamics. The deterministic
model uses the explicit scheme with no
noise, while the stochastic model
introduces Gaussian white noise to
simulate random fluctuations.
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0.4

0.8

Figure 2 shows the 3D plot that
illustrates the evolution of the
concentration profile over time,
Incorporating stochastic noise into the
advection-diffusion-reaction ~ model.
The x-axis represents time, the y-axis
represents the position along the
domain, and the z-axis indicates the
concentration of the pollutant. The plot
shows how the concentration profile
changes due to the combined effects of

nme' . 0.6 \f

1.0

Figure 2: The 3D plot evolution of the concentration profile over time with stochastic noise.

Concentration profile (C)

0.0

advection (movement), diffusion
(spreading), reaction (decay), and the
added complexity of stochastic
fluctuations represented by noise. The
colormap, ranging from cooler to
warmer colors, signifies the varying
concentration levels, with stochastic
noiseintroducingnoticeable
fluctuations over time.
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Figure 3: The 3D concentration profi

In Figure 3, the 3D visualizations
illustrate the evolution of concentration
profiles over time for two distinct initial
values variations under the influence of
stochastic noise.

Step Function Initial Condition (Left
Plot): The concentration starts with a
sudden change at the midpoint of the
domain, simulating a pollutant release at
one end. Over time, the stochastic noise
along with advection, diffusion, and
reaction processes cause the initially
sharp boundary to disperse and become
more erratic. This effect represents a
sudden pollutant spill entering a water
body.

Linear Gradient Initial Condition (Right
Plot): The concentration gradually
increases from one end of the domain to
the other. As time progresses, the
interplay of stochastic noise with the
other processes lead to a smoothing and

Concentration

Wi

—+

h two distinct initial values variations.

eventual homogenization of the
gradient, albeit with noticeable
fluctuations due to the stochastic
component. This simulate a scenario
where pollutant concentration gradually
increases towards a source of pollution.

These visualizations show the
significant impact of initial conditions
on the dispersion and reaction dynamics
in the presence of stochastic influences.
The step function condition shows how
a localized pollutant release disperses
over time, while the linear gradient
condition illustrates the evolution of a
gradual pollutant concentration
increase. In both cases, stochastic noise
introduces variability that can represent
natural fluctuations in environmental
systems, emphasizing the importance of
consideringsuch effects in
environmental modeling and risk
assessment.
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Figure 4 shows the absolute error
between the deterministic and
stochastic curves. The introduction of
stochastic noise leads to more erratic
dispersion patterns, which revealed the
unpredictability of pollutant behavior in
natural systems. Specifically, scenarios
with step function and linear gradient
initial conditions exhibit pronounced
differences when subject to stochastic
influences, with the step function
showing a more significant dispersion
effect due to the initial concentration
peak.4.

Conclusion
The formulation
analysis of the deterministic

and comparative
and

Figure 4: The absolute error profile betwee

T 04 ' 0.25
~
g |
T 03 & - 0.20
k. .
b= o
i 2 :
i 022 L 0.15
& 5
3
l L 0.10 8
) <
0.05

he deterministic and stochastic solution

stochastic advection-diffusion-reaction

model in this work showed the
complexities involved in modeling
water pollution dynamics. The

deterministic part of the model gives
more understanding into the baseline
behavior of the pollutants, while the
inclusion of stochastic term in the
model showed the inherent variability
of natural water systems, better than the
deterministic part. This work
contributes to the field of water
pollution and conservation by
demonstrating the impacts of different
modeling approaches on the predicted
dispersion of pollutants, which
highlights the need for incorporating
stochastic processes in environmental

1(
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modeling for more accurate and reliable
predictions. Future work should focus
on expanding the range of stochastic
parameters and investigating their
effects on pollution dynamics to further
refine modeling practices.
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MODELLING NIGERIA EXCHAN
USING AUTOREGRESSIV|
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ABSTRACT

This research aimed at analyzing and fo
Naira and three other currencies (USD,
Moving Average model (ARMA). The s
of pattern that existed in the data and it w
been depreciating right from the year 19
Fuller (DF) was performed and the serie
non-stationary but were observed to be
results showed that, based on AIC, SI
performs better than the AR and MA
forecasting exchange rates from 2024 tc

Key words and phrases: Time Serie
Dickey-Fuller (ADF); Optimal Choice.

1. INTRODUCTION

The issues of exchange rate and the
achievements of a realistic exchange
rate for the naira have continued to
generate a great challenge to
macroeconomic policy formulators,
owing to its unarguable significances in
bringing about economic growth. This
therefore explains in part why it is
necessary for any growth conscious
country to manage its foreign exchange.
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ing the currency exchange rate between
ds and Deutsche) using Autoregressive
vere plotted on a graph to check the type
ywn from the series plotted that Naira has
2023. Test for stationarity using Dickey
he three exchange rates were found to be
nary after first order differencing. The
1 HQC criteria, the ARMA (1,1) model
els, making it the optimal choice for
),

change Rate; Stationarity; Augmented

Exchange rate is the rate at which a
currencypurchases another (Jhingan,
2005). It is a reflection of the strength of
a currency when measured against
another country's currency. It is also
regarded to as the value of one country's
currency in relation to another currency
(O'Sullivan et al, 2003). According to
Oloyede (2002), it is the price of one
currency in terms of another which isan
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important decision-making variable in
every nation, thus making it an
important issue for any country desirous
for economic growth as pointed out by
Ahmed and Zarma (1997).

The prediction of the foreign exchange
market performances becomes more
difficult making domestic investors to
face enormous risk. lyeli et al., (2011)
explained how the government has tried
maintaining a stable exchange rate but
Naira depreciated throughout the 80's to
date. It depreciated from NO.61 in 1981
to N2.02 in 1986 and further to N7.901
in 1990, all against the US Dollar. The
policy of guided or managed
deregulation pegged the naira at
N21.886 against US Dollar in 1994.
Further deregulation pushed it to
N86.322 =$1.00in 1999 Aliyu (2011). It
depreciated further to N120.97 in 2002
and N135.5 in 2004. Thereafter, the
exchange rate appreciated to N132.15 in
2005 and later N118.57 in 2008 towards
the end of 2008. When the global
financial crisis took its toll, the naira
depreciated to N150.0124 at the end of
2009 lyeli and Clement (2017). In 2010,
the naira suffered some value loss and
exchanged for N154.57 to the dollar
according to CBN. The naira continued
to lose value and recent news of
exchange rate between naira and US
Dollar showed an increase in rate which
is N362.847 as at 29"September, 2018
CBN(2018).This inconsistency in
policies aggregate unstable nature of
naira rate. Gbosi (2005).

As a matter of fact, the foreign exchange
market is the most liquid financial
market in the world. Traders include
large banks, central banks, institutional
investors, currency speculators,
corporations, governments, retail
investors and other f inancial
Institutions. The average daily turnover
in the global foreign exchange and
related markets is continuously
growing. Foreign investors access the
foreign banknotes which may be used to
acquire foreign goods and settle
overseas bills.

A lot of researchers discussed
extensively about the effect of exchange
rate volatility in relation to importation.
Jonathan and Kenneth (2016) showed
the link between exchange rate
fluctuations and private domestic
investment in Nigeria. The findings
indicated that, the depreciation of the
currency and interest rate does not
stimulate private domestic investment
activities in Nigeria. Ekanem (2002)
explained that exchange rate can
frustrate development efforts of import
dependent economies to a large extent
because critical development projects
become more expensive. Mallic and
Marques (2008) also asserted that
changes in the exchange rate can lead to
a rise in import prices and thus there is
overall inflation. The response of local
currency prices of imported products to
changes in exchange rate may not be
one-for-one, as it has been in the case of
many advanced markets. Both the
bilateral exchange rates and trading

1(
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partners are found to have significant
Imports Back and Koo (2009).

The goals of an exchange rate policy
include determining an appropriate
exchange rate and ensuring its stability.
The stock exchange market has
displayed a relatively high degree of
volatility in response to the flexible in
1986. The depreciation of naira value in
the Nigerian Stock Exchange (NSE)
market relative to other currencies, US
Dollar in particular is due to the
excessive exposure of the stock market
to external shocks, severe pressures on
the external reserve and foreign
exchange crisis CBN (2015). This is
attributed to the sharp drop in foreign
earning of Nigeria as a result of the
persistent fall in crude oil's prices in the
global market.

Chen et al. (2022) applied ARIMA to
forecast the USD/EUR exchange rate
using data from 2017 to 2021. The study
compared ARIMA to other traditional
models such as the random walk model,
revealing that ARIMA outperformed
the random walk approach, especially in
volatile periods. The study employed a
rolling forecast mechanism, which
updated model parameters periodically,
making it adaptable to real-time data
shifts. ARIMA's strength lies in its
capacity to model time series data with
non-stationary behavior and patterns,
which are typical of financial time series
like exchange rates. Zhang and Li
(2023) investigated the forecasting
power of GARCH in predicting the

volatility of the USD/GBP exchange
rate. Their empirical study spanned
from 2018 to 2022 and employed
GARCH (1,1), a basic form of the
model, to capture the conditional
variance of exchange rate returns. The
study found that GARCH models
effectively forecast periods of high
volatility, a crucial factor for foreign
exchange traders. Moreover, their
analysis suggested that incorporating
GARCH models into traditional
forecasting frameworks significantly
improved predictive accuracy during
market stress. A study by Gupta et al
(2021) used LSTM networks to predict
the USD/CNY exchange rate from 2015
to 2020. The empirical results showed
that LSTM outperformed traditional
models like ARIMA and GARCH in
forecasting accuracy, especially over
longer time horizons. By leveraging
deep learning techniques, the study was
able to incorporate a broader range of
features, such as macroeconomic
indicators and market sentiment, into
the model, | eading to better
performance in highly dynamic
markets. The study also demonstrated
that LSTM's architecture helps mitigate
the vanishing gradient problem, which
Is common in traditional RNNs when
handling long sequences of time series
data. In recent years, hybrid models
combining traditional time series
techniques with machine learning
methods have been proposed to improve
exchange rate forecasting accuracy. A
notable study by Rahman and Ahmed
(2022) combined ARIMA with a neural

1(
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network model (ARIMA-ANN) to
forecast the EUR/USD exchange rate.
The study used data from 2016 to 2021
and demonstrated that hybrid models
outperform single-method models in
both accuracy and stability. By first
using ARIMA to capture linear trends
and then applying a neural network to
model non-linear patterns, the hybrid
model provided a more robust
framework for forecasting exchange
rates. The empirical results showed that
the ARIMA-ANN model reduced
prediction errors compared to
standalone ARIMA or ANN models,
particularly during periods of market
instability and high volatility. Park and
Lee (2023) explored the use of hybrid
models combining wavelet transform
and machine learning techniques to
enhance the accuracy of exchange rate
forecasting. They applied this hybrid
method to the USD/JPY exchange rate
data from 2018 to 2022. By first
decomposing the exchange rate time
series into different frequency
components using wavelet analysis, the
study captured both high-frequency
short-term fluctuations and low-
frequency long-term trends. These
components were then fed into a
support vector machine (SVM) model
for prediction. The empirical results
showed that the hybrid wavelet-SVM
model outperformed both standalone
SVM and traditional time series models
like ARIMA in terms of accuracy and
stability, particularly during high-
volatility periods. The s tudy
highlighted that the wavelet transform's

ability to isolate different time scales
within the data significantly improved
the model's performance by allowing it
to focus on specific aspects of the
exchange rate's behavior.

This paper therefore explores the
relationship between naira and three
other foreign currencies which are US
Dollar (USD), British Pound (GBP) and
Deutsche exchange rate and forecast the
exchange rate using Autoregressive-
Moving Average Model (ARMA). The
best model was then used to forecast the
exchange rate.

2.0 MATERIALSAND METHODS
The data used for this study is secondary
data on Dollar- Naira, Pound-Naira and
Deutsche-Naira exchange rate for a
period of 42 years (1981- 2023) from
the bulletin of Central Bank of Nigeria
(CBN). The data are tested for
stationarity and analyzed using
Autoregressive-Moving Average
Model (ARMA). The best model was
used to forecast exchange rate between
naira and the three currencies.

2.1TIMESERIES MODELS
SPECIFICATION

There are several models in time series
analysis and they are as follows:

2.1. AUTOREGRESSIVE MODEL (AR)
An autoregressive model of order p,
written as AR (p), can be given as:

Xz 80X 48X, 4 48X, 44

M
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Where x:isstationary series, 2.,@:....2,
are the parameters of the AR (g#0),

Where x. is stationary series,2:,@

zp,
are the parameters of the AR(@:#0).
Unless otherwise stated, we assume that

€: is a Gaussian white noise series with
mean zero and variance 2. The highest
order p is referred to as the order of the
model.

2.1.2 MOVING AVERAGE (MA)
MODEL

As an alternative to the autoregressive
representation in which the x:.on the left-
hand side of the equation are assumed to
be combined linearly, the moving
average model of order g, abbreviated as
MA (), assumes the white noise(£:) on
the right-hand side of the defining
equation are combined linearly to form
the observed data.

A series x:is said to follow a moving
average process of order g, or simply
MA (q) process

Xe=€ey OB en 1080 4 10E (2
Where@1,@. .3, are the MA parameters. MA
(g) models immediately define stationary,
every MA process of finite order is stationary
(Diebold et al., 2006). In order to preserve a
unique representation, usually the requirement
is imposed that all roots of (B)
1+0:B+@:B.+.....+ @.B,= 0 are greater than
one in absolute value. If all roots of g(B) =0 lie
outside the unit circle, the MA process has an
autoregressive representation of generally
infiniteorder 5.,

Yo
ith -1~ <

¢ wil w,

MA process as with an infinite order
autoregressive representation are said to
be invertible.

2.1.3 ESTIMATION OF MOVING
AVERAGE (MA) PARAMETERS
Consider MA(2) given below,

E(X) =g(EJ +E(8E ) =g
Then,
Var(X,) = E(X,~p}*
Var(X,) = B(?+202 +8, )"

Var (X,) = E(e]) + #E(e].)) ~20E(e,_,)
Var (X,) =*+ Fo?—0

Var(X,)=c*(1 + #) (3)

The covariance is calculated as,
Cov(XXi1 ) = f((Xi—n)(Xia—p) )
= E((E e )itz ))
=E(E1 ) ~ 0 B ) - 0 E(S ) 44 E(501)

Cov(xlxt—J ) =0-0-67+0

T —fo* (4)

Therefore, lag 1 is given below,

—b0? 4

el
o(1+6) = 1+

,)_ —
%

®)

Also, consider MA(2) given below,
X =€, 4 0E,, 40E 5
EX)=0
Then, Var(X-1 ) = Var(%i ) + #iVar(e1) + #iVar(e, )
= E( ) +0E (L)) + BE(EL)
- P+ Bio*+ 6

(6)

Yo = O(THA]

— Bie— P2,

Cov{* et ) = Cowff Bt Bt S i1 )

= Cow(5e —% J+Cm‘(’l='--:"'-‘"-- ]

=t ot

()

= M A"

= e -8

Other lags are then estimated in this
order.

214 AUTOREGRESSIVE-
MOVING AVERAGE MODEL
(ARMA)
Autoregressive (AR) models were first
introduced by Yule in 1926. They were
consequently supplemented by Slutsky,
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who in 1937 presented Moving Average
(MA) schemes. It was Wold (1938),
however, who combined both AR and
MA schemes and showed that ARMA
processes can be used to model all
stationary time series as long as there is
appropriate order of p, the number of
AR terms and g the number of MA
terms was appropriately specified. This
means that any series X:can be modelled as
a combination of past X: values and/or past &
(error terms) with parameters
Xe, Xe—1, X2, - Xe—p

Autoregressive-moving average model is
written as

X=2, X, + @K, ot O X e s, B, (8)

Equation (8) of the time series model
will be simplified by a backward shift
operator B to obtain:

@(B)X: = oB)* )

2.1.5 ESTIMATION OF ARMA
PARAMETERS

As proposed by Box Jenkins (1976), the
steps in estimating of Autoregressive-
Moving Average model (ARMA)
parameters are listed below:
identification i.e. involves examining
the given data to determine the values of
p and g (the order of AR and MA)
parameter estimation: There are three
approaches to estimating ARMA
parameters which are Two-stage
regression estimation, Yule walker
(Method of Moments) and Maximum
Likelihood Method. In this study, we
used Yule Walker equation for the
estimation of ARMA parameters and
forecasting: after the parameters have
been estimated, the estimated

parameters were used to forecast.

Using ARMA (1, 1) i.e. AR (1) in
conjunction with MA (1), From
equation 10, ARMA (1, 1) isdefined as:

X = @ Xy 4 & - O, (10)
Multiply through by -+ and fhen take the expactation

M WX X e T

BR R ) o OB X ) s - BF N ) (11)
Whenp =0
e

Too= B wg X ARRAD gneeE (MY =6 and

B, ) = 8 X e ) o B8 ) | REE] )

Tt ()= i () 4 G- B0

Mgy Ok o At
- '||.-'j - .‘I' 3
mo4%e - RiBey g (12)

Ao wien p=1, From squation 12

= e - O

M =21 - ﬂaﬁ (13)

And then from equation 13

2 2 2 2 2
N = Ci@yn-0og) 4og _ 0,008 _ iog
% (1-2)) = og - 2(0,2,0¢) + 2idg
2 . 2 2 2
e 2(0,2,0¢ )+ 210¢
1-27

né - 2(0,Z,né)+ ané
N = ! 1-2 - 0%

(1-0,2,)(@,-0,)a%
N = 1-2;

(1-8,2,)(2,-8,)0%

= e (14)

7 T T 3.3
P = N o= @(@-tog) +og — 0,00 - @y0g

Equation (14) is known as the
autocorrelation at lag 1

3.0ANALYSIS
Considering the data plot of
USD/ Naira, Pounds/ Naira and
Deutsche/Naira below (Figurel), the
movement of the data plot shows that an
increasing trend pattern exists in the
data. This is because of the movement
of the values to relatively high values.
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Fig. 1 Time series plot of USD/Naira, Pounds/Naira

3.1 Testfor Stationarity
A time series x:is said to be stationary if
there is no trend and no seasonal
variation and this assumes that the mean

- IS0
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Fig. 2: Differenced Time Series plot of nairato U

The currency exchange rate were tested
for stationarity firstly using the raw data
(in levels) and then using differenced
data as shown in figure 2. The resulted

e e T B B B B R R B R T B P

2003
2004

Po

vl DEUTSCHE

M A SN Q- NS .M
o O O O O © O
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\R

2utsche/Naira from the year 1981 to 2023

and the variance of the series are
constant over time and that the co-
variant structure of the series depends
only upon the relative position in time
of the two observations.

¢ DEUTSCHE

unds and Deutsche from year 1981 to 2023

test statistic for the three currencies are
greater than all the critical values which
show that the raw data of the three
currencies exchange rate is not
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the order of the autoregressive and
moving average terms. Akaike
information criterion (AIC), Schwatz
information criterion (SIC), and
Hannan Quinn information criterion

stationary. The resulted test statistic for
the three currencies are lesser than all
the critical values which show that the
data is stationary after the first

differencing. _

(HQC) will be used to choose the order,
32  VALIDATION OF THE Tr_]e 9rder'|\|NkI)th rt]he lowest value of
MODELS criterion will be chosen.

Once the time series data have been
stationarized, the next step is to identify

TABLE 1: VALIDATION OF AR MODEL

MODEL usSD POUNDS DEUTSCHE
AIC  SIC HQC  AIC |SIC HQC AIC SIC HQC

AR(1)* 8.611 8.735 8.657 9521 |9.645 9.567 8477 8.601 8.522
AR(2) 8.655 8.821 8.716 9553 |9.718 9.644 8499 @ 8.665 8.560

AR(3) 8.691 8.898 8.767 9568 |9.774 9.643 8547 8.754 8.623

AR(4) 8.739 8987 8830 9.604 /9.892 9.695 8585 8833 8.676

AR(5) 8.780 9.069 8.886 9.651 9.941 9.757 8.632 8921 8.738

From table 1, it was observed that the pptimal model is AR (1) that is based on the
selection criterion AIC, SIC, HQC. * is|the best model for the three currencies (USD,
Pounds and Deutsche)
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TABLE 2: MA MODEL VALIDATION

MODEL USD POUNDS DEUTSCHE
AIC |SIC |HQC | AIC  SIC |HQC | AIC| SIC| HQC
MA(1)* | 8.631 | 8.756 | 8.677 | 9.522/ 9.646 | 9.567 | 8.459 | 8.583 | 8.504

MA(2) | 8.670 | 8.835 | 8.730 | 9.542

9.707 | 9.603 | 8.506 | 8.672 | 8.567

MA(3) |8.697 | 8.904 | 8.773 | 9.567

9.774 | 9.643 | 8.546 | 8.752 | 8.621

MA(4) |8.7438.992 | 8.834 | 9.614

9.862 | 9.705 | 8.593 | 8.841 | 8.684

MA(5) |8.785 [9.074 | 8.891 | 9.657

9.947 | 9.763 | 8.630 | 8.920 | 8.737

From table 2, it was observed that the opt

Pounds and Deutsche).

Im

selection criterion AIC, SIC, HQC. * isjthe be

TABLE 3: ARMAMODELVALIDATION

al model is MA (1) that is based on the
st model for the three currencies (USD

MODEL USD POUNDS DEUTSCHE

AIC SIC HQC AlC || SIC HQC AIC SIC HQC
ARMA 8.652 | 8.817 | 8.713 9.567 || 9,733 9.628 8.506 8.672 8.567
Ln*

ARMA(2,1) 8605 | 8901 |8770 | 9.589

796 9.665 8.547 8.754 8.623

ARMA(4,3) 8825 | 9197 |8961 | 9714

0.09 9.850 8.671 9.044 8.808

ARMA(6,5) 8.966 | 9.503 | 9.163 9.832

0.37 10.03 8.837 9.375 9.034

ARMA(8,7) 9.125 | 9.828 | 9.382 9.989

0.69 10.25 8.971 9.674 9.223

From table 3, it was observed that the optim

Pounds and Deutsche).

-

al 1

selection criterion AIC, SIC, HQC. * Isthe be

nodel is ARMA (1,1) that is based on the
st model for the three currencies (USD
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3.2.2 ARMAMODELESTIMATION
Autoregressive Moving- Average (ARMA) model of order 1 i.e. ARMA (1,1) is then
estimated for each of the currencies exchange rate as shown below:

TABLE4: ARMAMODELESTIMATION (USD)

Variable CoefficientStd. Error t-Statistic  Prob.
C 27.94432 107.9807 0.258790 0.7975
AR(1) 0.943487 10.299094 3.154489 0.0035
MA(1) -0.648614 0.332571 -1.950301 0.0599
R-squared 0.099250 Mean dependent var 8.485631

Adjusted R-squared 0.042953 S.D. dependent var  17.04077
S.E. of regression 16.67078 @ Akaike info criterion 8.547008
Sum squared resid 8893.272 Schwarz criterion  8.680323
Log likelihood -146.5726 | Hannan-Quinn criter. 8.593028
F-statistic 1.762968 Durbin-Watson stat  1.701459
Prob(F-statistic) 0.187790

Inverted AR Roots 94
Inverted MA Roots .65
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TABLE5: ARMA MODEL

E

ST

IMATION (POUNDS)

Variable CoefficientStd. Error  t-Statistic ~ Prob.
C 17.00541 5.152110 3.300669 0.0024
AR(1) 0.873274 0.139823 6.245588 0.0000
MA(1) -0.999769 0.093960 -10.64040 0.0000
R-squared 0.127043 Mean dependent var 11.61533
Adjusted R-squared 0.072483 S.D. dependent var  23.38295
S.E. of regression 22.51957 Akaike info criterion 9.148463
Sum squared resid 16228.20 | Schwarz criterion  9.281779
Log likelihood -157.0981  Hannan-Quinn criter. 9.194484
F-statistic 2.328509 Durbin-Watson stat  1.773980
Prob(F-statistic) 0.113733
Inverted AR Roots 87
Inverted MA Roots 1.00
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TABLE 6:ARMA MODEL E

IMATION (DEUTSCHE)

Prob(F-statistic) 0.159411

Variable Coefficient | Std. Error  t-Statistic ~ Prob.

C 13.27188 | 36.62194 0.362403 0.7194

AR(1) 0.880398 @ 0.541432 1.626054 0.1137
MA(1) -0.618387 |« 0.591754 -1.045008 0.3038
R-squared 0.108426 Mean dependent var 6.284206
Adjusted R-squared  0.052703 S.D. dependentvar  17.44849
S.E. of regression  16.98247 | Akaike info criterion 8.584057
Sum squared resid  9228.942 @ Schwarz criterion 8.717373
Log likelihood -147.2210 | Hannan-Quinn criter. 8.630078
F-statistic 1.945790 Durbin-Watson stat ~ 1.963495

Inverted AR Roots .88
Inverted MA Roots .62

e ForUSD(Table 4):0.6263 v,_, +

From the list of equations listed above,

iImmediate past error value of the past er

e ForPounds(Table5):-0.3194 y,_, +

e ForDeutsche(Table 6):-0.0121 v,

value resulting to the current value plus th
value of USD is the 94.35% of the past val

— 0.31206¢,_,

+0.2541¢,_,

+ g, + 0.34314s,_,

guation includes the percentage of past

e percentage of past errors e.g. the current

plus the past error minus 64.86% of the
use to predict the current value.
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TABLE 7: MEASURE OF THE FOR
MODEL
q
CURRENCY RMSE
AR 20.82
USD MA 69.55
ARMA 18.56
AR 29.45
POUNDS MA 96.62
ARMA 29.17
AR 17.55
DEUTSCHE MA 44.05
ARMA 16.20
From table 7 above, the three models effi

RMSE (Root Mean Square Error),MA
Absolute Percentage Error). For each
found to be the best model to be used
MAPE value for the three currencies ey

E (
of
be
Kch

cal
an(

FCAST ACCURACY

ERROR

MAE MAPE

11.08 22.54

54.67 1578.85

10.85 25.31

17.65 25.78

78.61 1442.31

17.096 18.887

7.36 53.34

31.996 2111.84

7.03 52.80
ciency was measured and compared using
Mean Absolute Error) and MAPE (Mean
the currency exchange rate, ARMA was

Ise it has the lowest RMSE, MAE and
Je rate.

TABLE 8: FORECAST OF EXCHANGE RATE USING OPTIMAL ARMA
MODEL (2024-2030)

YEAR usD POUNDS DEUTSCHE

2024 436.41 553.62 269.66

2025 449.92 538.13 281.45

2026 467.95 545.70 287.48

2027 489.33 560.62 293.45

2028 512.80 577.90 299.41

2029 537.58 591.93 305.23

2030 563.19 608.92 311.05
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4. DISCUSSION OF RESULT

In this work, the currency exchange rate
between Naira and three other
currencies ( USD, Pounds and
Deutsche) was analysed using ARMA.,
The series were plotted on a graph to
check the type of pattern that existed in
the data. From the series plotted, it
shows that Naira has been depreciating
right from year 1981 to 2023. The series
of the three currencies were found to be
in increasing trend pattern as shown in
fig. 1. The currency exchange rate were
tested for stationarity firstly using the
raw data (in levels). Dickey Fuller (DF)
Test was also performed using the series
for the three exchange rates. The
resulted test statistic for the three
currencies are lesser than all the critical
values which show that the data is
stationary after the first differencing.
Validation of the order of the
autoregressive and moving average
terms was done using Akaike
information criterion (AIC), Schwatz
information criterion (SIC) and Hannan
Quinn information criterion (HQC) in
order to choose the lowest value of
criterion. From Table 1, it was observed
that the optimal model is AR (1) that is
based on the selection criterion AIC,
SIC, HQC, is the best model for the
three currencies (USD, Pounds and
Deutsche) also the results from Table 2,
revealed that the optimal model is MA
(1) that is based on the selection
criterion AIC, BIC, HQC is the best
model for the three currencies (USD,
Pounds and Deutsche) and the Table 3
as well revealed that the optimal model

IS ARMA (1, 1) that is based on the
selection criterion AIC, SIC, HQC, is
the best model for the three currencies
( USD, Pounds and Deutsche).
Autoregressive Moving- Average
(ARMA) model of order 1 i.e. ARMA
(1,1) is then estimated for each of the
currencies exchange rate as shown in
Table 4-6. The resulted equations for the
three currencies include the percentage
of past value resulting to the current
value plus the percentage of past errors
e.g. the current value of USD is the
94.35% of the past value plus the past
error minus 64.86% of the immediate
past error value of the past error in use to
predict the current value. The three
models efficiency was measured and
compared in Table 7 using RMSE (Root
Mean Square Error), MAE (Mean
Absolute Error) and MAPE (Mean
Absolute Percentage Error) and for each
of the currency exchange rate, ARMA
was found to be the best model used to
forecast because it has the lowest
RMSE, MAE and MAPE as shown in
Table 8.

5.0 CONCLUSION
The exchange rates series between naira
and three other currency were collected
from central bank of Nigeria (CBN) are
analyzed using AR, MA and ARMA
models. This study reveals the fact that
ARMA (1, 1) produces superior results
than AR and MA models which was
then used to forecast from 2024 to 2030
The finding also showed that the naira
will continue to depreciate and suffer
unstable exchange rate that will cause a

119




Vol.9 Issue 2, 2024 Eki

i Stai

e Un

iversity Journal of Science and Technology (EJST) =

high degree of uncertainty in the
Nigerian business environment if a
surge in demand for the three currencies
in the parallel market driven by banks.
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