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Abstract

The sustainability of aquaculture depends on maintaining optimal water quality and ensuring favorable
conditions for fish growth. This study compared the growth performance of African catfish (Clarias
gariepinus) and water quality in two distinct systems: a traditional pond incorporating water hyacinth
(Eichhornia crassipes) and a media-based aquaponic system with pepper plants (Capsicum spp.). The study
aimed to assess fish growth rates and health, evaluate key water quality parameters (pH, temperature,
dissolved oxygen, ammonia, and nitrate), and determine their impact on nutrient cycling and overall
aquaculture sustainability. Two experimental setups were created using 1m x 1m x 0.8m plastic IBC tanks,
designated as Pond A (water hyacinth) and Pond B (pepper-based aquaponic system). Each tank was
stocked with 20 post-juvenile African catfish of similar size, averaging 0.035 kg. Regular measurements
were conducted to monitor fish growth and water quality. Statistical analyses, including t-tests and
ANOVA, were employed to compare results. The study was conducted at a fish farm in Nike Layout,
Enugu State, Nigeria. Preliminary findings indicate that the aquaponic system offered more stable nutrient
conditions, promoting slightly higher growth rates. Fish in Tank B (aguaponic system) achieved an average
weight of 0.83 kg, compared to 0.69 kg in Tank A (water hyacinth) over four weeks. The aquaponic system
demonstrated superior water quality, with lower ammonia (3.8-25 mg/L) and nitrate levels (0.01-2.95
mg/L), likely due to nutrient uptake by the pepper plants. In comparison, the traditional pond system with
water hyacinth also improved water quality but showed higher ammonia (5.4-33 mg/L) and nitrite levels
(0.01-0.56 mg/L). ANOVA results revealed no statistically significant difference (p = 0.05) in fish growth
or water quality parameters between the two systems, despite the aquaponic system’s higher fish growth
performance. These findings highlight the potential of both systems for sustainable aquaculture, offering
valuable insights for practitioners to select appropriate technologies based on specific goals and resources.
This research contributes to advancing sustainable and efficient aquaculture practices.
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Introduction

Aquaculture has emerged as a vital
component of global food production
(Little et al., 2016; Lal et al. 2024),
addressing the increasing demand for
protein-rich foods while alleviating
pressure on wild fish populations
(GOmez et al., 2019; Muringai et al.,
2021). Among the diverse species
cultivated, African catfish (Clarias
gariepinus) stands out due to its rapid
growth rate, hardiness, and adaptability
to various environmental conditions
(Isa, 2019; Barasa, J.E. and Ouma; 2024;
Ojelade et al., 2022). However, one of
the primary challenges in aquaculture is
maintaining optimal water quality,
which directly influences fish health and
growth performance (Boyd, 2017,
Yavuzcan Yildiz et al., 2017). Effective
water quality management is essential to
mitigate the accumulation of waste
products, prevent disease outbreaks, and
enhance overall productivity (Bosma
and Verdegem, 2011; Boyd, 2017;
Singh, 2024). Traditional pond systems
have long been a staple in aquaculture
due to their simplicity and low
operational costs (Beveridge and Little,
2002; Edwards, 2015; Rui, 2024). In
these systems, aquatic plants like water
hyacinth (Eichhornia crassipes) are often
introduced to improve water quality
(Villamagna and Murphy, 2010; Yan et
al., 2017). Water hyacinth is known for
its remarkable ability to absorb nutrients
and contaminants from water, thereby
reducing levels of ammonia, nitrates,
and other pollutants (Rezania et al.,
2015; Ting et al., 2018; Moyo et al.,
2013). This natural filtration process can

create a more favorable environment for
fish growth (Scott and Sloman, 2004;
Crab et al, 2007). However,
uncontrolled proliferation of water
hyacinth can lead to oxygen depletion
and other ecological issues,
necessitating careful management (Cho,
M. E. and Tifuh, J., 2012; Jha et al.,
2024). In recent years, aquaponics has
gained popularity as an innovative and
sustainable aquaculture method
(Chauhan and Mishra, 2022; Okomoda
et al, 2023). Aquaponic systems
integrate fish farming with hydroponic
plant cultivation, creating a symbiotic
environment where fish waste provides
nutrients for plants, and plants help
purify the water for fish (Oniga et al.,
2018). This closed-loop system not only
maximizes resource use but also offers
dual outputs: fish and plant crops. For
instance, growing pepper plants
(Capsicum spp.) in aquaponic systems
can contribute to both water purification
and food production, making the system
economically attractive and
environmentally sustainable (Danner et
al., 2019; Rajalakshmi et al., 2022).
Given the distinct characteristics and
potential benefits of traditional pond
systems with water hyacinth and
aquaponic systems with pepper plants, it
IS imperative to conduct a comparative
analysis (Karim et al., 2011; Pucher et
al., 2015). This study aims to evaluate
the growth performance of African
catfish and assess water quality
parameters in  both systems. By
evaluating the growth rates and overall
health of African catfish in a traditional
pond system incorporating water
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hyacinth versus an aquaponic system
with pepper plants, Assessing and
comparing the water quality parameters,
including pH, temperature, dissolved
oxygen, ammonia, and nitrate levels, in
both systems and determining the impact
of each system on nutrient cycling and
overall aquaculture sustainability to
identify the most efficient and
sustainable method for optimizing fish
growth and maintaining water quality
(Hasanzadeh et al., 2020;
Khudoyberdiev et al., 2023).

The results of this study will provide
valuable insights for aquaculture
practitioners and researchers, guiding
the implementation of best practices in
fish farming (Weitzman et al., 2024).
The comparative analysis will help
determine the viability and effectiveness
of integrating plant-based  water
filtration in traditional and modern
aquaculture systems, ultimately
contributing to the advancement of
sustainable aquaculture technologies
(Neori et al., 2004; Subasinghe et al.,
2009).

Materials and methods

The study took place on a private farm at
Nike Layout, Enugu State, Nigeria,
spanning from January 2023 to February
2023. Two plastic ponds, each with an
average area of 1m?, were prepared by
filling them with an equal volume of
water. Subsequently, twenty (Chauhan
and Mishra, 2022) post-juvenile African
catfish were introduced into each pond
after being randomly selected and
weighed.

To create experimental conditions, water
hyacinth was introduced to cover
approximately 20% of the surface area
of one of the ponds, designated as ‘pond
A’, while pond B remained free of water
hyacinth but incorporated with a pepper
media grow-bed (Aquaponic system)
(Hindelang et al., 2014; Varasteh
Moakher et al., 2021). The fish were
provided with commercially available
floating feed pellets containing 45%
Nitrogen (Craig et al.,, 2017). The
feeding rate was set at 200g per - pond
for one month. At the conclusion of each
week, five fish were randomly selected
to assess their growth and development
(McCormick and Hoey, 2004; Zheng,
2024).

Additionally, water samples were
collected from the ponds every seven
days for a period of one month to
analyze the water quality and evaluate
the impact of water hyacinth and the
pepper media. These samples were
collected using 150cl plastic bottles and
subjected to laboratory water analysis,
which considered various selected
aquatic parameters. Statistical methods,
such as ANOVA and t-tests were used to
compare fish growth and water quality
parameters between the two systems to
correlate and determine the relationships
and impacts.

Physicochemical
equipment

The following physicochemical
properties were investigated; pH using
HANNA HI 4212 model pH meter (Eze
and Eze 2018), Nitrite using
Diazotisation method (Sreekumar et al.,

analysis and
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2003; Kumar, 2024), Nitrate by
cadmium reduction method using
HACH DR 890 (Ibikunle and Adelani,
2019), Ammonia by Nesslerisation
method using  UV-vissible  spec
(Sasongko, 2018), Total Alkalinity using
potentionmetric titration (Kerr et al.,
2021), Dissolved oxygen using winkler
with  azide modification  method
(Ruchhoft et al., 1938), BOD-5 using
winkler’s method, COD by closed
Reflux Digestion (Gisbert et al., 2022).

Results and discussion

Numerous factors can either hinder or
enhance the growth rate of any living
organism, and catfish is no exception
(Gisbert et al., 2022). Figure 1 provides
a visual representation of the growth rate
comparison of the fish in pond A (pond
with water hycinth) and pond B (pepper-
media-based asuaponic system).

Table 1 represents the results of
statistical analysis (ANOVA) of weight
of fish in both systems. A
comprehensive overview of fish growth
and variations in water quality
parameters on a weekly basis throughout
the entire experimental period is
presented in Table 2. Detailed
comparisons of all the water quality
parameters are depicted in Figures 2
through 11.
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Figure 1: Fish growth rate in pond with and
without (controlled) water hyacinth.

Table 1: ANOVA table for fish growth rate Parameters for both systems.

ANOVA result

Source SS NS
Between-treatments 0.0194 0.0194 F=0.33843
Within-treatments 0.4576 0.0572
Total 0.477

The f-ratio value is 0.33843. The p-value is 0.576757. The result is not significant at p<0.05

5

w
«

w
o
I

—

—+—Pond B
(Aguaponic
system)

~N
o
I

Temperature
= N
w« o

=
w o
L I

0

Week 1 Week 2 Week 3 Week 4

Figure 2: weekly variations of water
temperature ("C) in plastic ponds with water
hyacinth (pond A) and media base Aquaponic
system (pond B).

The progressive week are represented
from week 1 to week 4 as shown in
Figure 3. At week one, the average
weight of fish in pond A is 0.34kg and
and pond B is 0.33kg, week shows a
slight difference as average weight of
pond A becomes 0.38 and pond B 0.37.
At week three the fish weight at pond A
rose to 0.6 and pond be 0.5, then at the
las week, the average weight of fish in
pond A and B were about 0.85kg and
0.69Kkg respectively. The interpretation
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of the ANOVA results in Table 1, based
on the stated hypothesis follows the
decision rule which states that; if p-
value< x-level (0.05) reject Ho; otherwise
accept Ho.

Therefore, the weight of African
catfish stocked on fish ponds with water
hyacinth (pond A) does not have any
significant difference with the weight of
catfish stocked pepper media-base
Aguaponic system (pond A).
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==4==Pond B (Aquaponic
system)

pH Value
o = N w -~ w« (- ~ 00 -]
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Figure 3: weekly variations of pH value in
plastic ponds with water hyacinth (pond A)
and media base Aquaponic system (pond B).

Statistical analysis

Table 2 further illustrate that African
catfish stocked on fish ponds with water
hyacinth (pond A) does not have any
significant difference with the catfish
stocked on Aquponics system (pond B),
as it was observed that there is no
significant mean different on the water
quality of the two fish ponds.

Table 2: Mean values (and ranges) of physico-chemical properties of pond water affected by water
hyacinth cover and pepper media base Aquponic system during the experimental period.

Original Pond A Pond B =
Parameter Stream Without hyacinth With hyacinth Value P-Value
(Mean + SD) (Mean+ SD) (Mean+ SD)

Temperature 30.80+0.01 30.88+2.90 30.98+2.72 0.003  0.997**
pH 6.80+0.01 7.00+0.47 6.98+0.60 0.115 0.893**
Total 14.00+0.01 104.50+56.44 103.00+78.12  1.619  0.264**
Alkalinity

Nitrate 2.60+0.01 8.60+5.63 23.20+17.47 2456  0.156**
Nitrite 0.05+0.01 0.15+0.27 0.81+1.43 0.644  0.554**
Ammonia 0.50+0.01 16.90+13.46 14.33+11.76 1.383  0.312**
Dissolved 7.20+0.01 2.33+1.81 3.85+3.48 2398  0.161**
Oxygen

BOD 4.10+0.01 270.50+320.83 257.50+264.24 0.732  0.514**
COD 5.00+0.01 348.50+306.49 346.50+256.52 1.371 0.314**

** - The mean difference is not significant at the 0.05 level.

Descriptive analysis

The variation of temperature in the two
ponds during the study period shows that
from weekl to week 4, the value of

temperature in pond A and B were
almost the same. The maximum

(34.80°C) and minimum (28.40°C)

temperature degrees were obtained in
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pond A during the 4 weeks, respectively.
The variation in water temperature was
related to differences in air temperature
throughout the period of culture.

The pH of the pond A ranges from
6.7mg/L to 7.7mg/L with the highest pH
recorded in the second week. Pond B
ranges from 6.4mg/L to 7.8 and the
highest pH value was recorded on the
second week. Comparing the pH value
of the two ponds show a relative close
values.

Dissolve oxygen effect the growth,
survival, distribution, behavior and
physiology of fish and other aquatic
organism. At Pond A, from the first
week to the third week the DO has gone
down to 1.0mg/L. Despite the necessary
change of water in the pond at this point,
the DO remain at the level of 1mg/L
until the fourth week when it rose while
at Pond B, the dissolved oxygen
descended from 8.1mg/L to 1.0ng/I then
rose to 5.0mg/L in week four as seen in
Figure 4.

DO [mg/L)
O R N W B OO N ®

—4—Pond B (Aquaponic
system)

== Pond A (with water
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Figure 4: Weekly variations of dissolved
oxygen in plastic ponds with water hyacinth
(pond A) and media base Aquaponic system
(pond B).

The total alkalinity was recorded at
50mg/L at the first week and at week two
to both ponds have high total alkalinity
and pond A was found to be higher at
this point. Week 3 and 4 shows a strong

descend in the value of alkalinity as seen
in Figure 5.
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Figure 5: Weekly variations of Total
Alkalinity in plastic ponds with water
hyacinth (pond A) and media base Aquaponic
system (pond B).

In Figure 6, the BOD of pond B
increased steadily from 30mg/L to
730mg/L at the end of third week, before
declining with average value of 320+
270 mg/L. The BOD in pond A rose
from 40 to 590mg/L with an average
value of 264.24+257.50mg/L,

In Figure 7, the COD also increased
similarly from 35 to 760mg/L within the
same period before decreasing to
231mg/L. The average value of COD in
pond B was 348.50+306.49. The COD in
Pond A increased from 46mg/L to
610mg/L at the third week before
declining with an average value of

346.50+256.52mg/L.
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Figure 6: Weekly variations of BOD plastic
ponds with water hyacinth (pond A) and
media base Aquaponic system (pond B).
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Figure 7: Weekly variations of COD in plastic
ponds with water hyacinth (pond A) and
media base Aquaponic system (pond B).

The Nitrate of the pond A ranges from
2.1mg/L to 43.7mg/L with the highest
Nitrate recorded in the second week.
Pond B ranges from 1.7mg/L to
15.1mg/L and the highest Nitrate value
was recorded on the second week, as
seen in Figure 8.

The Nitrite of the pond A ranges from
0.01mg/L to 0.56mg/L with the highest
Nitrite recorded in the first week. Pond
B ranges from 0.01mg/L to 2.95mg/L
and the highest Nitrite value was
recorded on the first week, as seen in
Figure 9.
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Figure 8: Weekly variations of Nitrate in
plastic ponds with water hyacinth (pond A)
and media base Aquaponic system (pond B).
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Figure 9: Weekly variations of Nitrite in
plastic ponds with water hyacinth (pond A)
and media base Aquaponic system (pond B).

The Ammonia of the pond A ranges
from 5.4mg/L to 33mg/L with the
highest Ammonia recorded in the third
week. Pond B ranges from 3.8mg/L to
25mg/L and the highest Ammonia value
was recorded on the third week, as seen
in Figure 10.
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Figure 10: Weekly variations of Ammonia in
plastic ponds with water hyacinth (pond A)
and media base Aquaponic system (pond B).

Conclusion

The average weight gain of fish in pond
A and B were analyzed and observed
that there was no significant difference
in the growth of the fish, even though the
fishes in pond B attained a higher
average weight than those in pond A.
The result of the ANOVA test carried
out at 5% level of significant for both
pond A and B, indicates that there was
no significant difference between the
fish and water in the two ponds. This
implies that the introduction of water
hyacinth in pond B has no adverse effect
on the growth of the fish and water
quality. To further ascertain this result, it
is recommended that this experiment is
conducted on other aquacultural
facilities such trampoline pond, concrete
pond etc.

References
Barasa, J.E. and Ouma, D.F., 2024.
Towards sustainability in seed supply


https://injoere.com/article-1-110-en.html

8 Chukwu et al., Comparative analysis of African catfish growth performance and water quality in ...

for African catfish, Clarias gariepinus
(Burchell, 1822) culture in Kenya:
Lessons from Asian catfishes
industry. Aquaculture
Research, 2024(1), 1341858.
DOI:10.1155/2024/1341858
Beveridge, M.C. and Little, D.C,,
2002. The history of aquaculture in

traditional societies. Ecological
aquaculture. The evolution of the
Blue Revolution, 3-29.

DOI:10.1002/9780470995051

Bosma, R.H. and Verdegem, M.C.,
2011. Sustainable aquaculture in
ponds: Principles, practices and
limits. Livestock science, 139(1-2),
58-68.
DOI:10.1016/j.livsci.2011.03.017

Boyd, C.E., 2017. General relationship
between  water  quality  and
aquaculture performance in ponds.
In Fish  diseases (pp.  147-166).
Academic Press. DOI:10.1016/B978-
0-12-804564-0.00006-5

Chauhan, R.S. and Mishra, A., 2022.
New innovative technologies for
sustainable aqua production.
In Biodiversity (pp. 97-111). CRC
Press.DOI;10.1201/9781003220398

Cho, M. E. and Tifuh, J., 2012.
Quantification of the impacts of water
hyacinth on riparian communities in
Cameroon and assessment of an
appropriate method of control: the
case of the Wouri River Basin. World
Maritime University Dissertations.
https://commons.wmu.se/all_disserta
tions/29

Crab, R., Avnimelech, Y., Defoirdt,
T., Bossier, P. and Verstraete, W.,
2007. Nitrogen removal techniques in

aquaculture  for a  sustainable
production. Aquaculture, 270(1-4),
1-14. DOI:10.1016/j2007.05.006

Craig, S.R., Helfrich, L.A., Kuhn, D.

and Schwarz, M.H., 2017.
Understanding fish nutrition, feeds,
and feeding. Agriculture and life
sciences, virginia Tech, (420-256).

Danner, R.l., Mankasingh, U,

Anamthawat-Jonsson, K. and
Thorarinsdottir, R.L, 2019.
Designing aquaponic  production
systems towards integration into
greenhouse farming. Water, 11(10),
2123. DOI:10.3390/W11102123

Dudala, P.S., Dhakhwa, S. and Garg,

A, 2014. Biodegradability
enhancement of synthetic pulping
liqguor (generated from sugarcane
baggase digestion) by non-catalytic
wet oxidation process. Journal of
Environmental Chemical
Engineering, 2(2), 1182-1185.
DOI:10.1016/j.jece.2014.05.001

Edwards, P., 2015. Aquaculture

environment  interactions:  past,
present and likely future
trends. Aquaculture, 447, 2-14.
DOI:10.1016/j.aquaculture.2015.02.
001

Eze, C.N.and Eze, P.C., 2018. Effect of

abattoir waste on the
physicochemical and bacteriological
qualities of new-artisan River in
Enugu, Nigeria. Nigerian Journal of
Technology, 37(1), 262-267. DOI:
10.4314/njt.v37i1.34

Gisbert, E., Luz, R.K., Fernandez, 1.,

Pradhan, P.K.,, Salhi, M.,
Mozanzadeh, M.T., Darias, M.J.,
2022. Development, nutrition, and


https://injoere.com/article-1-110-en.html

International Journal of Aquatic Research and Environmental Studies 2025 9

rearing practices of relevant catfish
species  (Siluriformes) at early
stages. Reviews in
Aquaculture, 14(1), 73-105.
DOI:10.1111/raq.12586

Gémez, B., Munekata, P.E., Zhu, Z.,
Barba, F.J., Toldra, F., Putnik, P.
Lorenzo, J.M., 2019. Challenges and
opportunities regarding the use of
alternative protein sources:
Agquaculture and insects. Advances in
food and nutrition research, 89, 259-
295.
DOI:10.1016/bs.afnr.2019.03.003

Hasanzadeh, S.K., Saadatpour, M.
and Afshar, A., 2020. A fuzzy
equilibrium strategy for sustainable
water quality management in river-
reservoir  system.  Journal  of
Hydrology, 586, 124892.
DOI:10.1016/j.jhydrol.2020.124892

Hindelang, M., Gheewala, S.H.,
Mungkung, R. and Bonnet, S.,
2014. Environmental sustainability
assessment of a media based
aquaponics system in  Thailand.
Journal of Sustain. Energy Environ,
5, 109-116.

Ibikunle, G.F. and Adelani, E.O.,,
2019. Determiantion of nitite in
wtater using aniline sulphate and
napthol method. Journal of Chemical
Society of Nigeria, 44(4): 676 -684

Isa, S.1., 2019. Development of genetic
improvement in the African catfish
(Clarias  gariepinus, Burchell,
1822).  (Doctoral dissertation,
Faculty of Natural Sciences,
University of Stirling, Scotland,
UK). Aquaculture eTheses,
http://hdl.handle.net/1893/29986

Jha, K., Wu, B., Aziz, S.Q., Ahmed,
H.G. and Ahmed, M.S., 2024.
Sustainable solutions for water
hyacinth invasion: Characteristics,
impacts, control, and
utilization. World Journal of
Advanced Engineering Technology
and Sciences, 12(1), 047-058.DOI:
30574/wjaets

Karim, M., Little, D.C., Kabir, M.S,,
Verdegem, M.J., Telfer, T. and
Wahab, M.A., 2011. Enhancing
benefits from polycultures including
tilapia (Oreochromis niloticus) within
integrated pond-dike systems: a
participatory trial with households of
varying socio-economic level in rural
and peri-urban areas of Bangladesh.
Aquaculture, 314(1-4), 225-235.DOl:
10.1016/j.aquaculture.2011.01.027

Kerr, D.E., Brown, P.J., Grey, A. and
Kelleher, B.P., 2021. The influence
of organic alkalinity on the carbonate
system in coastal waters. Marine
Chemistry, 237,50304-4203(21)
00135-3.
DOI:10.1016/j.marchem.2021.10405
0

Khudoyberdiev, A., Jaleel, M.A,
Ullah, 1. and Kim, D., 2023.
Enhanced water quality control based
on predictive optimization for smart
fish farming. Computers, Materials &
Continua, 75(3) 10.32604-36898.

Kumar, A. and Dey, N., 2024. Recent
Advances in Designing Colorimetric
Probes for Nitrite lons. Asian Journal
of Organic Chemistry, 13(1),
€202300453.DOI:
10.1002/ajoc.202300453


https://injoere.com/article-1-110-en.html

10 Chukwu et al., Comparative analysis of African catfish growth performance and water quality in ...

Lal, J., Vaishnav, A., Kumar, D.,

Jana, A, Jayaswal, R.,
Chakraborty, A, and
Pavankalyan, M., 2024. Emerging
innovations in aquaculture:
Navigating  towards  sustainable
solutions. International Journal of
Environment and Climate
Change, 14(7), 83-96. DOIL:
10.9734/ijecc/2024/v14i74254

Little, D.C., Newton, R.W. and

Beveridge, M.C.M., 2016.
Aquaculture: A rapidly growing and
significant source of sustainable
food?  Status, transitions and
potential. Proceedings of the
Nutrition Society, 75(3), 274-286.
DOI: https://doi.org/10.1017/S00296
65116000665

McCormick, M.l. and Hoey, AS.,

2004.  Larval growth history
determines juvenile growth and
survival in a tropical marine fish.
Oikos, 106(2), 225-242.
DOI:10.1111/.0030-
1299.2004.13131

Moyo, P., Chapungu, L. and
Mudzengi, B., 2013. Effectiveness of
water Hyacinth (Eichhornia
crassipes) in remediating polluted
water: the case of Shagashe River in
Masvingo

Zimbabwe. Ecosystems, 4(4):55-
62.DOI: 10.5555/20133342705
Muringai, R.T., Mafongoya, P.,
Lottering, R.T., Mugandani, R.
and Naidoo, D., 2021. Unlocking the
potential of fish to improve food and
nutrition security in sub-Saharan
Africa. Sustainability, 14(1),
318.DOI: 10.3390/su14010318

Neori, A., Chopin, T., Troell, M.,

Buschmann, A.H., Kraemer, G. P.,
Halling, C., Yarish, C., 2004.
Integrated aquaculture: rationale,
evolution and state of the art
emphasizing seaweed biofiltration in
modern mariculture. Aquaculture,
231(1-4), 361-391.DOI:
10.1016/j.aquaculture.2003.11.015

Ojelade, O.C., Durosaro, S.O,,

Akinde, A.O., Abdulraheem, 1.,
Oladepo, M.B., Sopein, C. A,
Olateju, M., 2022. Environmental
enrichment improves the growth rate,
behavioral and physiological
response of juveniles of Clarias
gariepinus under laboratory
conditions. Frontiers in Veterinary
Science, vol 9(10) 3389-3399.DOl:
10.3389/fvets.2022.980364

Okomoda, V.T., Oladimeji, S.A,

Solomon, S.G., Olufeagba, S.O.,
Ogah, S.I. and Ikhwanuddin, M.,
2023.  Agquaponics  production
system: A review of historical
perspective,  opportunities,  and
challenges of its adoption. Food
Science & Nutrition, 11(3), 1157-
1165. DOI: 10.1002/fsn3.3154

Oniga, C.C., Jurcoane, S., Mocuta, D.

and Rahoveanu, A.T., 2018. Studies
about the fish farming development
in aquaponic systems: a review.
17(10)2285-1372. Scientific Bulletin.
Series F. Biotechnologies.

Pucher, J., Mayrhofer, R., ElI-

Matbouli, M. and Focken, U., 2015.
Pond management strategies for
small-scale aquaculture in northern
Vietnam: fish  production and
economic performance. Aquaculture


https://injoere.com/article-1-110-en.html

International Journal of Aquatic Research and Environmental Studies 2025 11

International, 23, 297-314
DOI:10.1007/s10499-014-9816-0
Rajalakshmi, M., Manoj, V.R. and
Manoj, H., 2022. Comprehensive
review of aquaponic, hydroponic and
recirculating aquaculture systems.
Journal of Experimental Biology and
Agricultural Sciences 10(6) 436-439

Rezania, S, Ponraj, M.,
Talaiekhozani, A., Mohamad, S.E.,
Din, M.F.M., Taib, S.M, Sairan,
F.M., 2015. Perspectives of
phytoremediation ~ using  water
hyacinth for removal of heavy metals,
organic and inorganic pollutants in
wastewater. Journal of environmental
management, 163, 125-133.DOl:
10.1016/j.jenvman.2015.08.018

Pereira, R., Yarish, C. and Critchley,
A.T., 2024. Seaweed aquaculture for
human foods in land based and IMTA
systems. In Applications of Seaweeds
in Food and Nutrition (pp. 77-99).
Elsevier.DOI: 10.1016/B978-0-323-
91803-9.00016-0

Ruchhoft, C.C., Moore, W.A. and
Placak, O.R., 1938. Determination
of dissolved oxygen. Industrial &
Engineering Chemistry Analytical

Edition, 10(12), 701-703.DOI:
10.1021/ac50128a017
Sasongko, A., 2018. Ammonia

determination in bottled water using
spectrophotometer: comparison
between Nessler and Berthelot
methods. JST (Jurnal Sains dan
Teknologi), 7(1), 126-134.
DOI:10.23887/JST-
UNDIKSHA.V711.13009

Scott, G.R. and Sloman, K.A., 2004.
The effects of environmental

pollutants on complex fish behaviour:
integrating behavioural and
physiological indicators of toxicity.
Aquatic toxicology, 68(4), 369-392.
DOI: 10.1016/j.aquatox.2004.03.016
Singh, V., 2024. Water Pollution.
In Textbook of Environment and
Ecology (pp. 253-266). Singapore:
Springer Nature Singapore. DOI:
10.1007/978-981-99-8846-4 17
Sreekumar, N.V., Narayana, B.,
Hegde, P., Manjunatha, B.R. and
Sarojini, B.K., 2003. Determination
of nitrite by simple diazotization
method. Microchemical
Journal, 74(1), 27-32. DOI:
10.1016/S0026-265X(02)00093-0
Subasinghe, R., Soto, D. and Jia, J.,
2009. Global aquaculture and its role
in sustainable development. Reviews
in aquaculture, 1(1), 2-9.
DOI:10.1111/j.1753-
5131.2008.01002.x
Ting, W.H.T., Tan, I.LAW., Salleh,
S.F. and Wahab, N.A., 2018.
Application of water hyacinth
(Eichhornia crassipes) for
phytoremediation of ammoniacal
nitrogen: A review. Journal of Water
Process Engineering, 22, 239-
249.DOI:
10.1016/j.jwpe.2018.02.011
Varasteh Moakher, G., Soltani, M.,
Shamsaee-Mehrjan, M. and
Kamali, A., 2021. Effect of water
hyacinth  (Eichhornia  crassipes)
density on water quality, growth
performance and survival of koi carp
(Cyprinus carpio carpio) in an
aquaponic system. Iranian Journal of
Fisheries Sciences, 20(5), 1442-


https://injoere.com/article-1-110-en.html

12 Chukwu et al., Comparative analysis of African catfish growth performance and water quality in ...

1453.DOl: Reviews in Biotechnology, 37(2),
10.22092/ijfs.2021.349365.0 218-228.DOL:

Villamagna, A. M. and Murphy, B.R., https://doi.org/10.3109/07388551.20
2010. Ecological and socio-economic 15.1132406
impacts of invasive water hyacinth Yavuzcan Yildiz, H., Robaina, L.,
(Eichhornia crassipes): a Pirhonen, J., Mente, E.
review. Freshwater  biology, 55(2), Dominguez, D. and Parisi, G., 2017.
282-298. DOI:10.1111/j.1365- Fish welfare in aquaponic systems: its
2427.2009.02294.x relation to water quality with an

Weitzman, J., Filgueira, R. and
Grant, J., 2021. Development of best
practices  for  more  holistic
assessments of carrying capacity of
aquaculture. Journal of

emphasis on feed and faeces—a
review. Water, 9(1), 13-70 DOI:
10.3390/w9010013

Zheng, J. Y., Gan, Z.R.,Huang, T. Y.,
Xiao, Y., Xu, W. Y, Li, X. Q. and

Environmental Management, vol
287, 112278  (0301-4797).DOI:
10.1016/j.jenvman.2021.112278

Yan, S.H., Song, W. and Guo, J.Y.,

2017. Advances in management and
utilization of invasive water hyacinth
(Eichhornia crassipes) in aquatic
ecosystems—a review. Critical

Leng, X.J., 2024. Replacement of
fish meal with defatted black soldier
fly (Hermetia illucens) in diet of
Pacific white shrimp (Litopenaeus
vannamei): growth, flesh quality and
transcriptome. Journal of Insects as
Food and Feed, 1(aop), 1-21.


https://injoere.com/article-1-110-en.html
http://www.tcpdf.org

