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Abstract
A flocponic system is a fish and plant-based system that uses carbon sources. However,
the economic viability of using carbon sources for production remains unknown.
Hence, the study assessed the economic viability of utilizing agricultural carbon sourc
es in a flocponic system. A complete randomized design was employed in five
treatments (wheat-bran, rhodes-hay, maize-cob, maize-stables, Ilucerne-hay,
agricultural carbon sources, and a control (no carbon), each in triplicate. Each
treatment and control had Nile tilapia and rice densities of 98 m™ fry and 250 m™rice,
respectively. The fish yield differed among the treatments and control, with lucerne-
hay showing the highest output (2.53+0.02 kgm™) and control having the lowest. The
rice yield component also showed variability. Lucerne-hay had the highest grain yield
of 5.70+0.25 kgm?, followed by wheat-bran, rhodes-hay, maize-cob, and maize-
stables treatments. The control yielded the lowest weight of grains and rice straws. The
flocponic system's profitability varied between the treatment and control groups.
Lucerne-hay, wheat-bran, and rhodes-hay generated positive net income, amounting
to 1338.39, 474.69, and 266.1, respectively. The benefit-cost ratios for the lucerne-hay,
wheat-bran, and Rhodes-hay treatments were greater than one, with lucerne-hay
having the highest value (1.72). There was a slight variation in the expense structure
ratio; wheat-bran had the lowest value of 0.88. The gross revenue ratio varied between
the treatments and the control group; the control had the highest ratio of 145.39, and
lucerne-hay had the lowest. The lucerne-hay, wheat-bran, rhodes-hay, and maize-cob
treatments yielded a positive return on investment, while the maize-stable treatment
and control had a negative return on investment. The proximate composition and cost
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of the carbon source may have impacted the profitability of the flocponic production.
Wheat-bran, lucerne-hay, and rhodes-hay are suitable for flocponic output because of
their high productivity and profitability, resulting in a favorable return on investment.

These options are economically viable.
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Introduction

The United Nations (2015; FAO, 2023)
predicts that aquaculture will be able to
support the nutritional needs of more than
9 billion people by 2050. Aquaculture is
pivotal in supplying nutritious food to an
expanding human population (FAO, 2018;
Camilla et al., 2022). Intensive aquaculture
is essential to meet the increasing global
demand for aquaculture (Blanchard et al,,
2017; Stevens et al., 2018). However, the
growing population and the expansion of
intensive  aquaculture  are  causing
significant concerns about the limited
availability of resources (such as water,
space, and feed) as well as environmental
issues (such as wastewater and solid
waste) that can arise from higher stocking
densities and increased feed usage
(Bohnes et al., 2019; Boyd et al., 2020). To
achieve sustainable intensification of
aquaculture and ensure a consistent supply
of fish food without causing further harm
to the ecosystem or depleting additional
resources, it is necessary to adopt a more
efficient, environmentally friendly and
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economically  viable  approach to
aquaculture (Dauda et al., 2019; Turchini et
al., 2019). Hence, the utilization of efficient
aquaculture systems, including
recirculating systems, aquaponic systems,
and biofloc technology, can significantly
enhance sustainable fish production by
accommodating large fish  stocking
densities (Thilsted et al., 2016; FAQ, 2020).
However, the operational costs of
recirculating and aquaponic systems are
higher (Engle et al., 2020; Forster & Slaski,
2010).

Vegetables in aquaponics are
subject to low prices, whereas fish,
materials, and labor costs experience high
prices, which ultimately impact profitability
(Ani et al., 2021). One of these systems is
biofloc technology, which uses the idea of
a microbial loop to improve fish
production. Nevertheless, its functionality
relies significantly on electricity, refined
carbon sources, and monocultures, hence
hindering its ability to generate higher
profits (Badiola et al., 2018; Walker et al.,

32

ISSN: 2960-1118


https://doi.org/10.69897/jatems.v2i2.128
mailto:kennethrono01@gmail.com
https://doi.org/10.69897/jatems.v2i2

2(2), 2024

2020). To maximize profits and recover
costs, a sustainable, resource-efficient fish-
based strategy is recommended.

A flocponic system is a zero-water
exchange system that integrates and
enhances the concepts of biofloc and
aquaponic technologies (Pinho et al,
2021). Plants and fish utilize accumulated
nutrients, by-products, and carbon sources
to support their growth in flocponic
systems (Boyd et al., 2020). A flocponic
system aims to increase economic diversity
by producing value-added products like
plants, fish, and microbial proteins. It also
aims to protect the environment, prevent
outbreaks of aquatic diseases, and increase
crop and fish production, thereby
increasing the value of water and land
(Berg, 2002; Ahmed and Garnett, 2011). In
addition, flocponics has the capacity for
sustainable intensification by producing a
greater amount of food in limited land
areas without causing any ecological harm
(Ahmed and Garnett, 2011). In order for
this system to operate well, external
carbon sources are necessary. The
nutritional composition and osmotic
potential of carbon sources influence the
growth and development of organisms,
resulting in an acceleration of cell division
in plants and facilitating fish growth
(Sotiropoulos, 2006).

The flocponic and biofloc systems
rely heavily on costly commercial
concentrations of carbon sugars, which are
in high demand but not readily available
locally. The most promising alternative
carbon sources are crop residues and agro-
products like Rhodes hay, lucerne hay,
maize cob flour, maize stumbles, wheat
bran, rice bran, maize germ, crude palm oil,
oil-rich fiber by-products, palm fruits, and
cassava root. These products are widely
available, easily accessible, abundant,
affordable, or even free, and finally
disposed of as waste (Heuzé et al., 2016).
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These agricultural products provide a
beneficial combination of calories, fiber,
protein, vitamins, minerals, and bioactive
and antioxidant compounds in their dry
content. These various organic carbon
sources are inexpensive and readily
accessible in most regions of Kenya
(McDonald et al., 2003). Kowalczuk-Vasilev
(2010) and Homolka et al. (2008)
categorized these as dependable sources
of high-quality feed because they originate
from plants that adapt to changing rain
conditions, thereby boosting feed and
carbohydrate production. Nevertheless,
this novel strategy will effectively tackle the
issues linked to inorganic and refined
carbon sources. However, it is crucial to
comprehend the economic feasibility of
these agricultural products to ensure the
long-term  profitability and financial
sustainability of flocponic or any other
production system.

Therefore, an economic analysis of
various farm products is required for
aquaculture enterprises to make sound
operational decisions. Aquaculture firms
can improve their production processes
and increase earnings by considering
various carbon sources' cost implications,
market trends, and nutritional value.
Hence, it is crucial to do an economic
assessment of any carbon source,
considering key factors such as expenses
for raw materials, processing,
transportation, and the possibility of
achieving economies of scale. Moreover,
examining  the  sustainability  and
stoichiometric analysis of the carbon
sources could yield valuable insights into
their overall cost-effectiveness. These tools
aid aquaculture businesses in detecting
possible risks and opportunities, allowing
them to make well-informed choices that
lead to long-term success and profitability.
Research on the financial feasibility of
using carbon sources in flocponics or other
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related technologies is scarce. The study
aimed to fill a knowledge gap on
aquaculture technology's economic
viability, the impact of carbon source
expenses on revenue from fish and rice
sales, and the system's overall profitability.
Specifically, the study aimed to determine
whether using agricultural carbon sources
in flocponic technology is economically
feasible. As a result, it was projected that
using agricultural carbon sources in the
flocponic system would increase crop
output, leading to higher profitability.

Materials and methods

Study area

The study was conducted at the
University of Eldoret fish (UoE) hatchery for
135 days under greenhouse conditions
with temperatures ranging from 26 to
30°C. The campus is 9 Km Northeast of
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Eldoret Municipality on the Eldoret-Ziwa
Road. University of Eldoret is within Rift
Valley Province, Uasin Gishu County, and
Eldoret Town. The region occupies a global
position of 0° 35% North and 35° North
12°East at 2180 meters above sea level.
The experimental research used rice seeds
from the Ahero rice scheme agro-vet
Kisumu County. University of Eldoret (UoE)
fish hatchery provided the male sex-
reversed O. niloticus fingerlings for the
research experiment.

Experimental design

The experiment was set up in 18
rectangular indoor plastic fish tanks (1.3m
by 1m by 1m in length, width, and depth,
respectively) using a flocponic system. In
each system, Nile tilapia fry with similar
mean weight (0.155+0.01g) and length
(2.156+0.03cm) were randomly selected
and stocked at the same density (98 fry m

Legend
Al1-A3 Wheat — bran

B1-B3 Rhodes — hay
C1-C3 Maize— cob

D1-D3 Maize— stables

. E1-E3 Lucerne— hay

F1-F3 Control (no carbon)

U

—————— Oxygen controller
Fish \

Plants

Suspended tray

Fish tank

Air stone

Plate 1: Experimental treatments (wheat-hay, rhodes-hay, maize-cob, maize-stables, and
lucerne-hay) and control layout design in a flocponic system
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Rice seeds with the same density
of 250 plants (seeds) per m? were planted
in a suspended plastic egg tray measuring
100 cm by 30 cm in a flocponic fish-holding
unit. We added gravel measuring 0.5
inches to the trays to support the
germination and growth of the rice seeds.
The treatments were done in triplicate in a
completely randomized design. The
treatments were wheat-bran, rhodes-hay,
maize-cobs, maize-stables, lucerne-hay
dried ground agricultural carbon sources,
and control (no carbon), respectively (plate
1). The stoichiometry analysis helped
determine and standardize the daily
additions and ratios (C: N of 15:1) of
ground agricultural by-products to the
system. Continuous  aeration was
maintained to meet the plant, fish, and
microbial oxygen demand by using an air
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blower mounted with air tubing and air
stones in the system. Fish in all treatments
received commercial fish diets with the
same crude protein (30%) from the Kenya
Marine and Fisheries Training Institute in
Sangoro. Fish was fed three times daily, at
0930, 1230, and 1630 h.

Fish growth performance determination
At the end of the experiment, all
fish from each holding were collected to
determine their overall length, weight,
survival rate, and weight using the Ricker
(1979) method. The fish's weight was
determined using a precise electronic
balance, which provided a reading with an
accuracy of 0.01 g. Furthermore, we used a
meter caliper with a precision of 0.1 mm to
measure the entire length accurately.

i) Weight gain (W) = Final weight (W;) — Initial weight (Wo)...cocoovvnnnn... (Eg. 1)

ii)  Percentage Survival (%) =

No.of fish a end of experiment

No.of fish at beginning of experiment

Wt. is the weight (g) of the fish at the end of the experiment
Wo is the weight (g) of the fish at the beginning of the experiment

Plant growth and biomass measurements

Rice growth characteristics
(number of tillers, number of leaves, and
height) were randomly measured weekly
(Abbadi et al., 2014). The height of the rice
was measured using a ruler to estimate the
overall distance from the substrate to the
apical meristem in each treatment. The
count of leaves and tillers for each
treatment was randomly determined using
the methodology described by Abbadi et al.
(2014). At the end of the experiment, a
precise electronic balance (WJEUIP, Model
WAS50002Y, W&J Instrument Co. Ltd,,
China) with an accuracy of 0.01 mg was
used to measure rice yield components
(the weight of the rice grains and straws)
and determine their total weight (Yoshida,
1981).

Original Article

Simple and complex sugars analysis of
agricultural carbon sources (wheat-bran,
rhodes-hay, maize-cob, maize-stables, and
lucerne-hay)

The dried ground agricultural by-
products (treatments) were extracted for
six hours using 80% ethanol to eliminate
any free sugars present. The mean fructose
concentration in the extracted samples of
all the treatments was determined using
the standard curve equation, sample
absorbance, extract volume, and the actual
mass of each tissue sample following the
Ashwell (1957) standard procedure. The
glucose concentrations were measured
using the glucose oxidase method,
following the procedures outlined by
Ashwell (1957) and Krishnaveni et al.
(1984). We determined the cellulose using
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the Updegroff (1969) standard approach.
The starch concentration was determined to generate starch, following the standard
by multiplying the glucose concentration in approach described by Hodge & Hofreiter
the tissue remnant by 0.9, which accounts (1962).

Table 1: Meant SE levels of simple and complex sugars of agricultural by-products (wheat-bran,
rhodes-hay, maize-cob, maize-stables, and lucerne-hay)

Carbohydrat

e Wheat-bran Rhodes-hay Maize-cob Maize-stables  Lucerne-hay
(Mg/100ml)

starch 51.7840.62°  70.26:0.70°  74.18%0.47°  20.86:0.74°  21.31:0.42°

1466.60+16.3 1586.70+27.3 1596.90+20.8 1720.00+16.9 765.00+£20.20

Cellulose 0? o° o° 0° d

Fructose 46.24+0.55° 51.33+5.11° 32.61+1.76° 21.99+0.74° 68.77+1.80¢°
Glucose 16.97+0.536° 10.94+0.357° 9.23+0.279° 10.39+0.413° 22.16+1.31¢

Note: Values with different superscripts (> <% €) within the same row are significantly (p<0.05)

different.
Economic analysis

Gross Margin

Gross margin aids in determining
profitability when fixed expenses account
for a small part of overall production costs.
The gross margin is the difference between
total revenue and total variable costs, as
shown in the equation below (Abah et al,,
2013).

GMETR-TVC ... (Eq. 3)

Net income

Net farm revenue was used to
evaluate  overall profitability  after
accounting for fixed and variable costs
(Engle, 2012). Britton (1970) defines net
farm income as an important part of the
income, profit, and loss statement. Positive
net farm income implies a profit, whereas
negative net farm income indicates a loss
(Hottel & Gardner, 1983). It was computed
by subtracting the total cost from the
entire revenue, as stated in the following
equation:

NFISTR-TC...coooiiii e, (Eq. 4)
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where NFI represents net farm income, TR
represents total revenue, and TC
represents total cost.

Profitability ration

Profitability ratios were used to
evaluate the financial viability of carbon
sources in flocponic fish and rice
production. According to John et al. (2017),
profitability ratios are financial
computations that determine whether a
business can turn a profit by contrasting
expenses with revenues over a given time
frame. Lesakova (2007) claims that
profitability ratios measure a company's
capacity to turn a profit, return on
investment, and asset management
proficiency. Consequently, a profitability
ratio is a tool for determining whether a
business is generating a healthy enough
profit. According to Husain et al. (2020),
companies that have a strong profitability
ratio tend to attract investors, as they are
the ones who make long-term investments
and consider profitability.  Expense
structure, gross revenue, benefit-cost ratio
(BCR), and return on investment were the
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profitability ratios used in the current
study.

Benefit-Cost Ratio (BCR)

A profitability indicator, the
benefit-cost ratio, summarizes a project's
or a proposed project's value for money.
According to Olaoye et al. (2013), a BCR of
less than one denotes loss, a BCR of one
indicates break-even, and a BCR of greater
than one indicates profit. BCR is calculated
by weighing total revenue (TR) from fish,
rice grains, and rice straw sales against the
total cost (TC) of fish production for the
production cycle, as shown in the equation
below:

BCR=TR/TC oo (Eq. 5)

Expense Structure Ratio (ESR)

The ESR was employed to assess the
profitability of a flocponic system that
employs carbon sources by determining
the proportion of the total fixed expenses.
The value is determined by dividing the
fixed cost by the total variable cost, as
shown in the following equation:

ESR=FC/TVC.....coviiriieee e, (Eq. 6)

Gross Revenue Ratio (GRR)

The gross revenue ratio (GRR) measures
the amount spent on returns. The
calculation entails dividing the total cost
(TC) by the total revenue (TR), as
demonstrated by the following equation:

GRR=TC/TR ..o (Eq. 7)

Return on Investment (Rol)

The return on investment (Rol) is a
profitability measure that aids in evaluating
a firm or corporation's profitability (Magni,
2013). The data displays the earnings
generated by each flocponic unit,
encompassing the profits derived from
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every KSH invested. The calculation

involves dividing the flocponic's total cost

(TC) by the profit (P), as illustrated in the
following equation:

ROIZP/TC oo (Eq. 8)

Data analysis

Descriptive statistics were
employed to evaluate the mean vyields of
Nile tilapia and rice. The study employed a
one-way analysis of variance (ANOVA) in
Minitab 19 software to assess significant
variations in Nile tilapia yield, rice yield, and
Nile tilapia survival between the
treatments and control group. The
economic feasibility of flocponics was
assessed using the following indicators: net
income, gross margin, break-even price,
benefits-cost ratio, expense structure
ratio, gross revenue ratio, and return on
investment (Obiero et al., 2022).

Results

Table 2 shows the yields of Nile tilapia, rice
grains, and rice straw in the flocponic
system for treatment and control groups.
The rice and fish yields varied (p = 0.0001)
among the treatments and controls, with
lucerne-hay having the highest production
volume (15.16 Kgm3) and the control
group achieving the lowest (5.54 Kgm3).
The carbon-based treatments resulted in
higher fish production than the control
group. Nevertheless, there were variations
(Fo055=1280.13, p = 0.0001) in fish yield
across the different treatments. The
lucerne-hay treatment produced the
highest vield (2.53 Kgm?3), followed by
wheat-bran,  Rhodes-hay, maize-cob,
maize-stables, and the control. The yields
of rice grains also differed (Fo.055=105.98, p
= 0.0001) between the treatments and the
control; the Lucerne-hay treatment
showed the highest grain yields (5.70 Kgm"
3), while the control recorded the lowest.
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Table 2. Yields of Nile tilapia and rice at different agricultural carbon sources wheat-bran,
Rhodes-hay, maize-cob, maize-stables and lucerne-hay) and control in flocponic systems

CARBON SOURCES

Parameters
Wheat- Rhodes- Maize-
bran hay cob
Fish yield (Kgm-3) 2.11£0.0 1.83+0.0 1.6240.
12 10 02¢
Rice grain Yield 3.41+0.1 3.31+0.1  2.5640.
(Kgm-3) 28 42 13b

Rice straw yield 5.58+0.1 4.84+0.0 3.18%0.

(Kgm3) 42 82 01b
: 3
Totalyield (Kgm=) 11 5 9.98 736

Maize- Lucerne- F- p-
stables hay control value  value

2.53+£0.0 1.3610. 1280. 0.00
1.35+0.01¢  2e 01d 13 01

5.70£0.2 2.09+0. 105.9 0.00
2.36+0.07¢ 5d 04e 8 01

6.93+0.0 2.09+0. 798.4 0.00
2.41+0.02¢ 3d 04¢e 2 01
6.12 15.16 5.54

Furthermore, similar results were observed
for rice straw yield, with lucerne-hay being
the best-performing treatment with the
highest rice straw yield of 6.93 Kgm™.
Table 3 presents an evaluation of
gross revenue, total variable, total fixed
cost, total cost, gross margin, net income,
and price breakeven. The Lucerne-hay
treatment generated the highest gross
revenue from yields (3192.41 Kshs), while
the control had the lowest (1274.20 Kshs).
The total variable cost differed slightly,
with the wheat-bran treatment having the
highest TVC. The total fixed cost was
comparable between the treatments and
the control group. The gross margin
exhibited variation, with the lucerne-hay
treatment vyielding the highest value
(2223.39 Kshs), while the control group
yielded the lowest value (306.60 Kshs). The
net income exhibited variability between
the different treatment and control
groups. Lucerne-hay, wheat-bran, and
Rhodes-hay  treatments showed a
favorable net income, whereas maize-cob
and maize-stables treatment and control
showed a negative income. The Lucerne-
hay, wheat-bran, and Rhodes-hay
treatments had a lower price break-even
point compared to the sale cost per
production volume. This means that the
revenue generated was sufficient to cover
the variable costs and generate profits. In
contrast, the control, maize-cob, and
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maize-stable treatments had a higher price
break-even point than the sale cost per
production volume. Table 4 shows the
profitability ratio results (BCR, ESR, GRR,
and Rol). BCR differed between the control
and treatment groups. The Lucerne-hay
treatment had the highest benefit-cost
ratio (BCR) value of 1.72, followed by the
wheat-bran, Rhodes-hay, maize-cob, and
maize-stable treatments. The control
treatment had the lowest BCR, 0.69. The
expense structure ratio (ESR) also differed
slightly, with wheat-bran having the lowest
ESR value of 0.88. The gross revenue ratio
(GRR) also varied between treatments and
controls, with control having the highest
GRR value of 145.39 and lucerne-hay
having the lowest GRR value of 58.08. The
return on investment (Rol) displayed both
negative and positive  percentages.
Treatments with wheat-bran, Rhodes-hay,
and lucerne-hay showed a positive return
on investment, whereas maize-cob, maize-
stables carbon sources, and control had a
negative percentage Rol.
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stables, and lucerne-hay) and control
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CARBON SOURCES

Parameter (Kshs) Wheat-bran Rhodes-hay Maize-cob Maize-stables Lucerne-hay Control
Revenue from fish yield (Kshs) 845.21 731.95 645.84 539.14 1013.69 543.82
Revenue from rice seeds yield 681.78 661.56 512.22 471.24 1138.92 417.42
revenue from rice straw (stables) yield 836.70 725.70 477.12 360.99 1039.80 312.96
Gross revenue (Total revenue) 2363.69 2119.21 1635.18 1371.37 3192.41 1274.20
variable costs

fish feeds 120.85 120.00 120.00 119.00 121.2 120.00
Carbon source 50.00 20.00 15.00 10.00 20.00 0.00
water 130.00 130.00 135.00 140.00 130.00 150.00
Electricity 350.00 350.00 350.00 350.00 350.00 350.00
miscellaneous 200.00 200.00 200.00 200.00 200.00 200.00
Sub-total variable costs 850.85 820.00 820.00 819.00 821.20 820.00
Interest on operating cost 153.153 147.60 147.60 147.42 147.816 147.60
Total variable cost (TVC) 1004.003 967.60 967.60 966.42 969.016 967.60
Fixed Costs

Fish holding unit 450.00 450.00 450.00 450.00 450.00 450.00
air pump 200.00 200.00 200.00 200.00 200.00 200.00
amortization 100.00 100.00 100.00 100.00 100.00 100.00
sub-total fixed cost 750.00 750.00 750.00 750.00 750.00 750.00
Interest on the fixed cost 135.00 135.00 135.00 135.00 135.00 135.00
Total fixed cost 885.00 885.00 885.00 885.00 885.00 885.00
Total cost (TC) 1889.00 1852.60 1852.60 1851.42 1854.02 1852.60
Net return TVC (Gross margin) 1359.69 1151.61 667.58 404.95 2223.39 306.60
Net return TC (Net income) 474.69 266.61 -217.42 -480.05 1338.39 -578.40
Cost Per Unit (CPU) 212.95 212.44 222.28 224.42 210.57 230.29
Break-even price (BEP) 170.18 185.71 251.83 302.98 122.29 334.83
margin (CPU and BEP) 122.50 115.44 90.75 66.27 146.65 55.41

Note: 1 USD =120 average exchange rate during the 2023 production cycle.
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Table 4: Profitability ratio (Kshs) in flocponic system at different treatments (wheat-bran,
Rhodes-hay, maize-cob, maize-stables, and lucerne-hay carbon sources) and control

Parameter ‘ CARBON SOURCES (TREATMENTS)

Wheat- Rhodes- Maize-  Maize- Lucerne-  Contr
Profitability ratios bran hay cob stables hay ol
BCR (Benefit-cost ratio) 1.25 1.14 0.88 0.74 1.72 0.69
ESR (Expense Structure
ratio) 0.88 0.92 0.92 0.92 0.91 0.92
GRR (Gross revenue 145.3
ratio) 79.92 87.42 113.29 135.01 58.08 9
Rol (Return on -
investment) % 25.13 14.39 -11.74 -25.93 72.19 31.22

Note: 1 USD =120 average exchange rate during the 2023 production cycle.

Discussion

A feasibility assessment was conducted to
explore the potential of incorporating
agricultural carbon sources into the
flocponic system. This assessment involved
analyzing profitability ratios, net income,
break-even price, variable and fixed costs,
and revenue generated. The findings
indicate that the costs associated with
inputs such as fish feeds, carbon sources,
and energy can have an impact on the
revenue generated from fish, rice grains
(seeds), and rice straw production. This
reveals that an increase in feed, carbon,
and electricity costs might lead to a
substantial decline in revenue for the
flocponic system. According to Obiero et al.
(2022), the price of fish feeds and other
inputs, such as fish seeds, are some of the
variables influencing aquaculture's total
cost of production. Similarly, Musa et al.
(2021) proposed that factors such as seeds
and fish feeds have a significant role in
determining farm revenue within the
tilapia business. The present investigation,
however, specifically examined flocponic
production and discovered that carbon
sources and electricity played a substantial
role in influencing income. According to
current findings, electricity accounted for
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approximately 41% of the total variable
cost. The total variable cost differed slightly
between the treatments and the control
group. In terms of total variable cost,
wheat-bran was the most expensive
treatment, followed by lucerne-hay.
Nevertheless, the lucerne-hay treatment
had the highest gross income, followed by
wheat-bran, while the control had the
lowest. This suggests that the lucerne-hay
and wheat-bran treatments directly
enhanced the growth yield of fish and rice
in the flocponic system. The stoichiometry
and sugar proximate analysis of wheat-
bran and lucerne-hay revealed a higher
ratio of simple sugars to complex sugars.
This could potentially contribute to
enhanced rice and fish yields. According to
Luciana et al. (2021), the inclusion of
glucose or sucrose in banana tissue culture
results in a rise in fresh weight. According
to Li et al. (2020) and Chu and Brown
(2021), the addition of carbon sources to
an integrated system enhances the
conditions for plant growth by promoting
nutrient absorption, leading to increased
crop vield and reduced phytotoxicity. In
addition, Manan et al. (2020) found that
bacteria had a greater ability to break
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down simple carbohydrates than complex
carbohydrates. This leads to an increase in
microorganisms, as well as improved water
quality and fish nutrition. The gross margin
and net return/income results differed
between carbon-based flocponics and
control. All treatments exhibit a favorable
gross margin, indicating substantial
profitability.

The lucerne-hay treatment yielded
the best gross margin, followed by the
wheat-bran, Rhodes-hay, maize-cob, and
maize-stable, while the control had the
lowest gross margin. These findings
indicate that lucerne-hay and wheat-bran
are more economically advantageous
carbon sources when utilized in flocponic
systems. Nevertheless, the net return or
income differed among the treatment and
control groups. Both the maize-cob and
maize-stable treatments, as well as the
control group, showed negative values.
This shows a shortfall in these carbon
sources in flocponic production. The
lucerne-hay, wheat-bran, and Rhodes-hay
led to a positive net income, indicating that
these carbon sources improve the
economic viability of the flocponic system.
The profitability ratio is a set of financial
metrics that allow investors to assess a
company's ability to generate profits and
sustainability by considering its operational
costs and other relevant expenses over a
specific period (Subedi et al., 2019).

The profitability ratios, including
the Benefit-Cost Ratio (BCR), Economic
Sustainability Ratio (ESR), Gross Revenue
Ratio (GRR), and Return on Investment
(Rol), exhibited differences among the
various treatments and the control group.
The lucerne-hay, wheat-bran, and Rhode-
hay treatments had more than one BCR,
indicating that they were more profitable
than the maize-cob, maize-stable, and
control treatments, which had less than
one BCR. As per Investopedia (2019), a
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business is considered profitable when its
costs are lower than its benefits, which is
shown by a cost-benefit ratio over one. The
expenditure structure ratio for each
treatment revealed that in the flocponic
system, fixed costs constitute a minor
proportion of the total cost involved in
producing Nile tilapia and rice. Using
lucerne hay and wheat bran as carbon
sources reduces the cost of managing
flocponic production compared to using
Rhodes hay, maize cob, and maize stables.
Investors can afford to invest in a flocponic
system powered by lucerne-hay and
wheat-bran carbon sources because their
ESR values are lower.

The GRRs exhibited variation
among the treatment groups and the
control group. Lucerne-hay, wheat-bran,
and Rhodes-hay carbon sources spend 58,
80, and 87 cents for every KSH return on
the flocponic production, respectively; in
contrast, maize-cob, maize-stable carbon
sources, and the control group spend 100
cents (1 KSHs) for every Kenyan Shilling
(KSH) return. As a result, 42%, 20%, and
13% of the returns from lucerne-hay,
wheat-bran and Rhodes-hay carbon
sources, respectively, are retained as gross
profits, indicating the profitability of these
carbon sources in comparison to maize-
cob, maize-stable carbon sources, and
control, which yield a negative return.

Similarly, employing Lucerne hay,
wheat bran, and Rhodes hay carbon
sources in a flocponic system results in a
good return on investment. This means
that when utilizing lucerne-hay, wheat-
bran, and Rhodes-hay, the farmer earns
72%, 25%, and 14%, respectively, of the
profit for each KSH spent, demonstrating
that these carbon sources are the most
profitable in a flocponic system. In
addition, the break-even prices for
flocponic production were 170, 186, 252,
303, 122 and 335 for wheat-bran, Rhodes-
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hay, maize-cob, maize-stables, lucerne-hay
carbon sources, and control, respectively.
The break-even prices for maize-cob,
maize-stables carbon sources, and control
were higher than the actual production
volume price when compared to wheat-
bran, Rhodes-hay, and lucerne-hay. This
suggests that wheat-bran, Rhodes-hay, and
lucerne-hay are more lucrative carbon
sources in flocponic production. According
to Ani et al. (2021), Tokunaga et al. (2015),
Engle (2015), and Shoko et al. (2016), the
break-even price is an important economic
aspectin any agribusiness because it serves
as a measure of profitability by measuring
production costs. The increased gross
margins, net income, and improved
profitability ratios observed in lucerne-hay,
wheat-bran and Rhodes-hay can be
attributed to the presence of bioactive
compounds (nutrient profiles, sugars, and
minerals) in this carbon source. These
compounds enhance the availability of
nutrients, water, and bacterial biomass,
potentially leading to higher volumes of
rice and Nile tilapia production and
consequently improving revenue
profitability indicators. Despite limited
research and publication on the topic, it is
now recognized that the choice of a carbon
source in a flocponic system has a
substantial influence on the system's
potential profitability.

Conclusion and

Recommendation

Agricultural carbon sources have had a
considerable impact on flocponic yields
and profitability. The use of agricultural
carbon sources in flocponics greatly
increased the productivity of Nile tilapia
and rice. Overall, the results suggest that
lucerne-hay, wheat-bran, and rhodes-hay
performed better than other treatments
and controls. The economic feasibility of
using different agricultural carbon sources
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in flocponics and control methods varied.
The study revealed a significant influence
of carbon expenses on the profitability of
flocponic systems. Lucerne-hay, wheat-
bran, and Rhodes-hay were found to be
highly profitable and valued, resulting in a
good gross margin, net income, and return
on investment. The composition of these
carbon sources may have resulted in
increased fish and rice yields in a flocponic
system, boosting profitability. Therefore, it
is advisable to use wheat-bran, rhodes-hay,
and lucerne-hay in flocponic production
since they improve profitability.
Nevertheless, lucerne-hay was proven to
be the most beneficial option in generating
more profit. Hence, farmers should
consider the cost and availability of these
recommended goods if they intend to use
them.
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