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Introduction

Abstract

This study was designed to determine the effect of commercial biofertilizers, namely
chitosan, Bacillus spp. and Effective Microorganism formulation on the production
efficiency of Genetically Improved Farmed Tilapia (Oreochromis niloticus) and green
bean (Phaseolus vulgaris) in an aquaponic system. The intended purpose was to
examine if the production of the two integrated species can be optimized by cost-
effective methods consistent with the concept of circular economy. While the
biofertilizers performed water quality remediation as seen from the dynamics of
turnover of ammonia (NHs), nitrite (NH;), nitrate (NOs) and phosphate (PO,) but
produced no significant impact on growth of the fish, and the green bean could not
attain the fruiting stage. Green beans that generally produce white-purplish flowers
which transform into pods dropped off after one week on the plant. The water quality
parameters: dissolved oxygen (5.54 to 6.12 mg/L), pH (6.9 to 7.0) and water
temperature 26.7 to 27.8°C were in the suitable range but evidently the green bean
faced deficiency of nutrients that are needed for fruiting. The nutritional management
requires further investigations since the green bean pods are a rich source of human
food, and maximum benefits from aquaponics can be derived through their production
and faster growth of the fish. The trend of fish growth suggests that the biofertilizers
will result in significant growth advantage if the treatment is carried out over a longer
faming period.

aquaculture system because by-products from fish are
absorbed by plants, and beneficial microorganisms in

Aquaponic system combines aquaculture and
hydroponics in a closed water recirculating system. The
only fed species is a selected fish or invertebrate of
aquaculture importance, while the other species in the
system are extractors of inorganic and organic matter
from the metabolic waste although they can also serve
as human food. Operation of aquaponics is based on the
principles of circular economy whereby it reduces
resource inputs and recycles waste, and thus minimizes
the ecological footprint of food production which
contributes to the creation of environmentally friendly
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the aquaponic system convert harmful nitrogen into a
form that is assimilated into plant biomass.

Nitrogen is a vital nutrient generated in the water
by metabolic processes of the fed species in addition to
decomposition of uneaten feed particles. It undergoes a
series of transformations, eventually yielding the nitrate
that is used by the plant as a key nutrient for its biomass
production. Besides, the other macro- and micro-
nutrients are also released into the system and support
the growth and well-being of the animal and plant
species. Products of nitrogen are required for growth of
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the leaves, phosphorus is crucial for the root
development and nutrient absorption from water while
potassium is a key nutrient required to develop strong
and rigid stems for water and nutrient transport,
enzyme activation as well as promoting the flowering
and fruiting process in the plant (Wang et al., 2013).
Micronutrients that are needed only in small amounts
could be in the water supply, and not necessarily require
supplementation in the feed. The quantitative
requirement of nutrients in aquaponic systems is a
subject matter of on-going research investigations
(Bittsanszky et al., 2016; Yang and Kim, 2020). There is
no fixed amount that can be considered as a universal
standard because of the different combinations of
species used and their stocking densities. While the
optimum diet for the fish can be decided by its known
nutritional needs, the plants depend on what comes
from the fish-holding tank. Plants will obviously thrive
when there is no nutrient deficiency in the water (Endut
et al.,, 2010; Trang and Brix, 2014). There are cases
where vegetables cultivated in aquaponics face
deficiencies of certain nutrients, depending on the
specific requirements of the plants (Roosta and
Hamidpour, 2011; Kazosi et al., 2019; Yang and Kim,
2020).

Optimizing production in aquaponics requires
scientific data on the qualitative and quantitative
nutritional needs of all the species and the impact of
nutrients generated by metabolic activity of fish on the
nitrification process carried out by the bacteria. In this
context, use of biofertilizers is a better option to
influence all the species directly or indirectly and
support an efficient biodynamics because of their
various attributes such as cost-effectiveness,
environmental compatibility, and ability to give positive
impact to aquatic animal and plant stocked in the
system besides remediation of water quality (Ramasamy
et al., 2020). These are the principal factors in successful
output of the aquaponic systems and optimizing the
biomass production of fish as well as plants.
Biofertilizers can be produced from a suitable organic
matter or formulated to contain beneficial
microorganism. A combination of the two has been seen
to improve plant growth (Atieno et al., 2020; Sun et al.,
2020; Zhang et al., 2020) by supplying nutrients to the
plant and boosting their efficiency to extract the specific
types of nutrients needed for growth (Umesha et al.,
2018). Multiple ways in which the biofertilizers improve
the biomass gain and stamina of plants have been
explained earlier (Javaid, 2011; Javaid and Bajwa, 2011;
Malusa and Vassilev, 2014; Cerozi and Fitzsimmons,
2016; Menendez and Garcia-Fraile, 2017; Nikitin et al.,
2018).

In this study, three different biofertilizers were
used, chitosan (A), Bacillus spp. (B) and Effective
Microorganism mixture (C) in the aquaponic system
using Genetically Modified Farmed Tilapia (Oreochromis
niloticus), or in short, GIFT, and green bean (Phaseolus
vulgaris).

Materials and Methods
Experimental Aquaponic System Design and Operation

The experiment was carried out in Integrated
Multi-trophic Aquaculture experimental area in an open
space. The aquaponic facility was covered with a
transparent canvas roofing to prevent direct sunlight
and rain and was equipped with an aeration system.
Water was supplied from the storage tanks installed in a
shaded area. The experiment was conducted under
natural environmental conditions. Three types of
biofertilizers were used: Chitosan (A), Bacillus spp. (B)
and Effective Microorganisms (C). A control set (without
any of these biofertilizers) was run simultaneously. Each
system comprised a 750 L fish tank, 25 L of filter tank
filled with gravel and sponges for easy solid waste
removal and providing substrate for nitrifying bacteria,
and two connected hydroponic tanks for plant (green
bean) as shown in Figure 1. Each aquaponic system was
treated as an individual unit and the treatments were
done in triplicate. Fish inside the tank were protected
from attacks of predatory birds by placing a green cover
(Figure 2 b). The aquaponic system designed for this
study was media-filled type where gravel was placed in
the hydroponic tank that served as a holding space for
the plant in addition to supplementing the biological
filtration carried out by the nitrifying bacteria. There was
no water renewal since the system was recirculating
type except for replacement of the evaporated water to
maintain the operational volume. A submersible water
pump installed in each of the fish tanks helped in lifting
the water up to the level from where it could drain into
the filter tank and move further into the two hydroponic
media-filled sub-systems before returning to the fish
tank (Figure 3).

Biofertilizers Preparation

Biofertilizer for Treatment-A was in the form of
chitosan that comprised 5 ml of commercial grade
product that goes with the trade name ‘Kitosan’
manufactured by Dasatim Pvt. Ltd. It was diluted in 100
mL of water for use in the aquaponic system of 1000 L
capacity. Treatment-B (Bacillus spp.) was also a
commercial grade product available as Pondplus and its
amount used was 1 g of the product/1000 L. This dosage
is based on the instructions provided by the
manufacturer.

Treatment-C comprised a mixture of Effective
Microorganisms (EM) prepared by mixing the
concentrated 5 mL EM solution in sugarcane molasses
and chlorine-free tap water in the ratio of 1:1:20 (v/v).
This mixture was transferred to a plastic container that
was tightly capped and stored at room temperature for
incubation over a period of 20 days to facilitate the
fermentation process (Nikitin et al., 2018). The capped
bottle was needed to be opened once every two days to
release the gas trapped in the container. The EM
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Figure 1. Individual units of aquaponic system (in red boxes) served as triplicates for each of the treatments.

) 1Y

Figure 2. a. White-purplish flowers of green bean (in white circles). b. Flowers that dropped off before becoming pods.
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Figure 3. Schematic diagram of the aquaponic system designed for this study. Individual units of the aquaponic system (in red

boxes) served as triplicates for each of the treatments.

solution was ready for use when it produced a pungent
smell. The EM solution consisted of naturally occurring

beneficial microorganisms such as lactic acid
(Lactobacillus  casei), photosynthetic bacteria
(Rhodopseudomonas palustris) and yeast

(Saccharomyces cerevisiae). This diluted EM was added
to the hydroponic section of the facility. A control set
was run, obviously without any of these biofertilizer
treatments but otherwise under similar conditions. Each
of these biofertilizers was applied once a week.

Data Collection of Target Species (GIFT and Green
Bean)

Thirty GIFT juveniles of the same cohort with an
average body weight of 23.24 g+0.53 were placed
randomly in the triplicate experimental sets. The fish
were acclimatized for two weeks before the
commencement of the trial. The feed used in this study
was commercial tilapia starter pellet available in the
market from Leong Hup Mill Malaysia Pvt. Ltd. It is
composed of 34% protein, 5% lipid and 12% moisture.
Observations on the fish condition were made on a
fortnightly basis over a period of 3 months which
covered the life cycle of the green bean. Parameters
considered were average body weight gain (g), total
weight gain (g), specific growth rate (SGR), daily growth
rate (DGR), survival rate (%) and feed conversion ratio
(FCR).

The following formulas were used to analyse the
data obtained:

Body weight gain (BWG) = W, — W,

In Wz - anl

Specific growth rate (SGR) = (
1

)x 100

number of fish at the end of experiment

Survival rate (SR) = ( )x 100

number of fish in the beginning

total weight of dry feed given (g)
total weight gain of fish (g)

Feed conversionratio (FCR) =

W, — Wy)

Daily growth rate (DGR) = T
1

Where:
W1 — Initial body weight (g), W2 — final weight gain
(g), T1— duration of culture period (days)

As for the measurement of growth performance of
green bean, data was collected on biomass gain (g),
weight per pod (g), number of pods produced (cm),
length of pod (cm) and length of root (cm). The
germination process was done in the soil before
transplanting to the aquaponic system. After 7 days, the
seed were observed to grow to become a plantlet, and
the plant grown to a height of around 5-7 cm was ready
to be placed in the hydroponic tank. The first 30 to 45
days was the development phase for the leaves. It was
necessary to provide support as the branches and stems
begin to grow with leaves and form twisting vine. This is
followed by the flowering stage that produces pods
under normal circumstances. The plant stocking density
in this study followed closely with previous study done
by Saufie et al. (2020).

Data Collection of Water Quality and Nutrient
Dynamic Analysis

Water samples were collected from each fish tank
to determine the concentrations of ammonia, nitrite,
nitrate, and phosphate. Water sampling were done at 8
am and the samples were transferred to the laboratory
and kept in a refrigerator until analysis. Ammonia
concentration was determined using Hach Ammonia
Low-Range Standard Method 10023. Nitrite was
determined using the Hach Low-range Standard Method
8192. Nitrate was measured by the help of Hach Low-
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range Standard Method 8093. Phosphate was
determined by the Hach Standard Method 8048.
Nutrient concentrations were analysed
spectrophotometrically using the photometer model
UNICO 2100. Measurements of dissolved oxygen (DO),
pH and temperature (°C) were carried out using the YSI
multi probe (YSI 550A model). These measurements
were done once every two days in the morning at 8.00
AM.

Statistical Analysis

Data obtained from this study was analysed with
SPSS (Statistical Package for Social Sciences) ver. 21
(SPSS Inc. USA) and Microsoft Excel 2015 for data
recording. Results obtained were expressed as
meanzstandard error (SE) and significance of difference
was determined by one-way ANOVA (analysis of
variance) to express the effect of application of different
types of biofertilizers on growth of GIFT, green beans,
and the dynamic changes in the water quality.
Comparisons were made with Shapiro-wilk test and the
difference between the mean values was evaluated
using Tukey HSD Test.

Results
Growth Performance of GIFT

There was no significant difference (P<0.05) in the
growth performance of GIFT in terms of SGR, DGR, SR,
FCR, AWG and TWG between the treatments over the
period of observations but a trend was evident that
indicated the level of influence of biofertilizers (Table 1).

Growth Performance of Green Bean

Growth of the green bean in each of the treatment
(A, B and C) in early stage was remarkable. From the
observation, the plant maintained a steady pattern of
growth following its transfer to the aquaponic system.
The stems and leaves continued to grow in a healthy

condition in the first 45 days of the experiment. The
whitish purple flowers appeared and unlike under
normal conditions whence they give rise to green pods,
these flowers dropped off and none attained the fruiting
stage (Figure 2). At the end of the experimental period,
not a single green bean pod was produced although the
maintenance operations were extended for another 2
weeks. Because green bean pods did not develop in this
experimental trial, there is no data on their biomass
production.

Water Quality Analysis

There was no significant difference (P<0.05) in pH,
temperature, and dissolved oxygen of the water that
were monitored on a daily basis (Table 2).

Quantitative profiles of ammonia (NHs), nitrite
(NH2), nitrate (NOs3) and phosphate (PO4) in the three
treatments are shown in Figure 4. There was no
significant difference in their concentrations (P<0.05) at
any one time. Blue line represents the control set which
has the highest concentration of NH3, NH2, NOsz and PO4
among all of the treatments. Regarding the
concentration of NHs, a change was noticed after the 1%
week of the experiment, with the highest value seen in
the Control treatment (1.08 mg/L), followed by
Treatment-B (0.8 mg/L) and Treatment-A (0.7 mg/L) and
the lowest in Treatment-C (0.5 mg/L). However, after
week 3, the fluctuations were different for each
treatment. On the last phase of the experimental period,
Treatment-B (0.3 mg/L) treatment showed the lowest
concentration of NHs followed by Treatment-A (0.4
mg/L), while Treatment-C and the Control exhibited
approximately the same concentration (0.6 mg/L).

Initial concentrations of NH2 were almost similar in
all the treatments. From its value of 5.0 mg/L in week 5,
the NH: gradually declined towards the end of the
experiment but the values still remained higher
compared to those in the other treatments. Fluctuations
in the concentration can be seen in the treatments of
Treatment-B and Treatment-C. While in Treatment-B,
the concentration increased in a small amount and

Table 1. Growth performance of GIFT (SGR, DGR, SR, FCR, AWG AND TWG) in the various treatments

Parameters Control A B C
Specific growth rate?, (SGR) 2.33+0.04 2.37+0.03 2.41+0.08 2.49+0.13
Daily growth rate! (DGR) 2.19+0.08 2.22+0.1 2.42+0.22 2.51+0.27
Survival rate (SR), % 73.3+0.1 72.2+4.8 71.1+4.8 71.1+5.8
Feed conversion ratio! (FCR) 1.28+0.05 1.27+0.05 1.25+0.03 1.28+0.05
Average weight gain! (AWG), g 210.05+7.8 212.848.1 221.4+10.3 215.749.2
Total weight gain! (TWG), g 4621.02+172.7 4591+186.3 4694.8+102.9 4571+207
Table 2. Dissolved oxygen (DO), pH and temperature (°C) for Control and A, B and C treatments

Parameter Control A B C

DO (mg/L) 5.54+0.2 5.58+0.21 6.12+0.56 5.6+0.19
pH 6.86+0.14 6.9+0.13 6.9+0.13 7.0£0.13
Temp (°C) 27.6+0.14 27.7+0.15 27.8+0.16 27.6+0.13
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eventually decreased after week 9. By the end of the
experiment, the lowest concentration of NH2 was
noticed in Treatment-A (3 mg/L), followed by
Treatment-C (3.5 mg/L), Treatment-B (3.70 mg/L) and
Control (4.5 mg/L).

The concentration of NO3 was usually high due to
it being the final product of the conversion of NH3 and
NHz. It varied from 5 to 27 mg/L. The graph showed an
increasing trend in all of the treatments except
Treatment-B where the lowest concentration of NOs at
the end of experiment was 17 mg/L, followed by
Treatment-C (22.1 mg/L) and Treatment-A (25 mg/L). It
was maximum in the Control set (27 mg/L). The initial
concentrations of POs were high in all of the treatments
as compared to the other nutrients, but values declined
gradually until week 7 when the decrease was sharp,
reaching the lowest concentration (1.8 mg/L). Finally, at
the end of the experiment (week 13), Treatment-B (2.6
mg/L) exhibited the lowest concentration of POa
followed by Treatment-A (3.0 mg/L), Treatment-C (3.2
mg/L), and Control (3.8 mg/L).
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Outdoor Temperature (Open Space Area)

Data on the surrounding temperature (°C) in Kota
Kinabalu, Sabah, during the experimental period was
obtained from the Department of Meteorology (Table
3). Temperature varied in the range of 27 to 36°C which
is considered high. This could have negatively affected
the growth of the green beans.

Discussion

The result indicated that fish growth performance
was not affected by the presence of plants and the
selected biofertilizers in the aquaponics system. There
was no significant difference (P<0.05) in any of the
growth parameters of the fish. The results are consistent
with an earlier study by Estim et al. (2019) who
suggested that the presence of plant integrated in the
hydroponic sub-system did not influence the fish
growth.
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Figure 4. Concentrations of ammonia (NHs-N), nitrite (NO,-N), nitrate (NO3-N) and phosphate (PO4-P) in Treatments A, B and C, and

the Control set.

Table 3 Environmental temperature (°C) data in Kota Kinabalu during experiment 1 and 2

Temp (°C) Exp. 1 (Jan — April 2018) Exp. 2 (March — June 2019)
Environmental Temperature (°C) Jan Feb Mac April March April May June
Lowest 30 27 29 30 32 34 33 30
Highest 32 32 31 34 34 36 35 33
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Treatment-A produced no significant growth
advantage in the fish unlike the increase in daily weight
gain observed in Nile tilapia by Wang and Li (2011). A
review of published data also suggests no appreciable
growth-promoting effect of chitosan even though the
amount of this product in the diet was higher in the
range of 5 — 20 g/kg (Magsood et al., 2010; Chen et al.,
2014; Abd EI-Naby et al., 2019). Lack of significant effect
on growth of the fish s could be due to poor uptake of
this product in GIFT. The EM also did not produce any
noticeable influence on tilapia growth (Treatment-C)
but it is still suggested by several authors, notably Thiam
et al. (2015), as an additive in tilapia diets for improved
feed efficiency and health of the fish over extended
periods of farming. This is supported by Omar et al.
(2017) who highlighted the probiotic role of EM in the
physiological condition of tilapia and its production
efficiency in culture systems. The method of providing
biofertilizers can make a difference on a comparative
basis. Adding directly into the water or delivering
through feed would certainly matter in the product’s
uptake by the fish. Although the quantitative differences
have not been investigated but incorporation in the feed
will be subject to digestive processes and absorption of
the hydrolysed fractions. The mode and quantitative
update from the water will be different. This requires
further experimental trials.

There are various ways of using biofertilizers in
aquaculture, such as feed supplement, mixing with
water in the culture system and through intramuscular
injection (Micheal et al., 2014). In this study, the
biofertilizer was placed directly into the water to
maximize its effect on all of the organisms present in the
aquaponic system. It is likely that the different bacteria
will influence growth differently and that the effect on
fish will also depend on the response of the species.
Sholihuddin et al. (2020) noticed that growth
performance of Nile tilapia was better when provided
with probiotic bacteria, namely, Lactobacillus sp.,
Bacillus sp., and Bifidobacterium sp., in the feed. These
authors further observed that the combination of
different strains of bacteria generated different effects
on the fish growth. Obviously, several factors need to be
considered especially in deciding the supplementation
of diet with the single strain or mixed strains of the
useful bacteria, depending on the compatibility with the
stocked fish. While there was no statistically significant
difference in the growth of tilapia with any of the
treatments, selection of Bacillus spp. in this trial was
motivated by its better performance compared to other
bacterial preparations used in fish farming. Even though
treatment-C have slightly higher value on SGR and DGR
than treatment-B, but on a comparative basis, Bacillus
spp. (Treatment-B) yielded the highest average body
weight gain and total fish body weight gain (Table 1) but
with no significant differences (P<0.05) detected with
other treatment. Further investigations will be
necessary to examine the possibility of such incremental
weight gain producing a significant difference. This

could be the reason for the positive effect of Bacillus
spp. in aquaculture. It is reported to improve the fish
growth by enhancing its immune system and improving
overall health condition, leading to a better feed uptake,
nutrient assimilation, and growth (Tovar-Ramirez et al.,
2004; Allameh et al., 2017). Another factor is the ability
of Bacillus spp. to prohibit the colonization of harmful
pathogens in the digestive tract through antibiosis
process or competition for survival and stress reduction
(EI-Haroun et al., 2006). Absorption of nutrients in the
fish alimentary canal also improves because of its
detoxifying effect, hydrolysis of unwanted compounds
and denaturing of undigestible components that are
known to stimulate the release of enzymes which in turn
enhance the digestibility and feed efficiency (Ringo et
al., 2020; Romanova et al., 2020). Improvement in the
feed utilization in the presence of good bacteria (Bacillus
sp., Lactobacillus sp., Citrobacter sp.) in the gut of Nile
tilapia was attributed to increased activities of amylase,
lipase and protease by Ringo et al. (2020) who
investigated the mechanisms by which these bacteria
created better environmental conditions in the fish
gastrointestinal tract and improved digestion and
absorption of the nutrients collectively contributed to
better growth.

As can be seen from Table 1 that all the observed
growth parameters in Treatment-A are higher than in
the Control, suggesting that the inclusion of chitosan has
positively influenced the growth of GIFT. Results were
obtained by Wang and Li (2011) who in addition to
growth also reported flesh quality of tilapia and gut
health as evident from the condition intestinal microvilli
in the fish. In a detailed study on the mechanisms by
which chitosan improves growth and condition of fish
through digestive processes, Han et al. (2012) provided
evidence of increase in the height of intestinal villi that
increased the surface area for growth of microvilli for
higher nutrient absorption. In a related investigation,
Zaki et al. (2015) published data that highlighted the
importance of gut health due to which efficient
proliferation of cellular activity provides stem cells for
the renewal of intestinal epithelium that is known for an
active wear and tear that can happen every 3 - 4 days
(zaki et al., 2015). It deserves emphasis that chitosan
dose and method of supplementation are critically
important for optimizing gains in production. An
excessive dose adversely affects the fish’s growth and
condition. Thus, Shiau and Yu (1999) observed that the
chitosan amounting to 10% of feed diminished the
growth of tilapia. There appear to be interspecific
differences in the effect of chitosan on fish as Geng et al.
(2011) noticed a supplementation of 6 g kg™ of chitosan
in cobia diet inhibited digestive hydrolysis and
recommended a suitable amount of 3 g kg feed for
positive results. Chen and Chen (2019) suggested 5 mg
kg of chitosan for a better growth performance in loach
(Misgurnus anguillicadatus). These observations and
other publications by Magsood et al. (2010), Chen et al.
(2014), Abd El-Naby et al. (2019) and OQushani et al.
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(2020) provide a basis for interpreting the data obtained
in this study on GIFT where chitosan supported only
minor gains in growth parameters due to putting this
product into the culture medium in the hope of
maximizing benefits for all the integrated species. In
experiments where chitosan significantly enhanced
growth of the fish the administration was via the feed
supplementation.

Monitoring the growth of the green bean yielded
interesting information which showed that the
branching and formation of leaves occurred normally as
was expected of a healthy plant, but fruiting did not
happen. The normal healthy-looking purplish-white
flowers persisted for a week and dropped off before
developing into pods. Obviously, there was no water
stress in aquaponics. No signs of any disease were
noticed. Exposure to light was similar. The most likely
reason for fruiting failure was nutrient imbalance. Green
bean, like other plants, needs different nutrients during
germinating, vegetating, flowering, and fruiting stages.
To support growth of fish as well as plant biomass,
optimizing the required nutrients and their recycling are
necessary (Graber and Junge, 2009; Goddek et al.,
2016). Optimizing could not be done earlier since this
was never attempted in an aquaponic system before
and, therefore, there was no previous information was
available. The nutrient imbalance means that the
composition of commercial fish feeds is according to
nutritional needs of the fish, and the composition of fish
faeces depends on diet composition which may not
necessarily meet the requirements of the plant in the
system. It is for this reason that the use of decoupled or
multi-loop system that enables optimal living and
growing conditions for fish, plants and microorganisms
offers the solution (Eck et al., 2019). An appropriately
designed aquaponic system, whether coupled or
decoupled, where nutrient supply, dynamics and
partitioning can be managed is a key to successful
harvest. Nutrient turnover is an integral feature of
aquaponics, but the success of this integrated farming is
defined by the dynamic equilibrium (Somerville et al.,
2014) where the nutrient concentrations are as
regularly optimized as they fluctuate due to natural
biological processes. An in-depth understanding of the
nutrient cycles in the various sub-sections of aquaponics
is vitally important for managing the whole system. It is
a very biotic environment where stocked species and
their roles are known but not so visible but profoundly
active are the nitrifying bacteria that contribute to
making the aquaponics work through water quality
remediation.

The influence of weather conditions on fruiting
cannot be ruled out. At the fruiting time the air
temperature was above normal, in the range of 27 — 36
°C, and precipitation was naturally low. High
temperature as among the adverse causes in cultivated
plants has been discussed by Herbert and Herbert
(2008), Nelson (2008), Yoldas and Esiyok (2009) and
Hailu et al. (2017). Also, if the high temperature

influenced metabolism in fish resulting in change in the
nutrients in the faeces remains uncertain. It is beyond
the scope of this study to examine these issues which
were not anticipated when the experiment was
designed. There is no published data adequate to
synthesize the real reasons or cause-and-effect relations
resulting in fruiting failure in the green bean.

Even though there was no pod formation in this
study, the effect of application of chitosan needs to be
investigated to establish its possible growth-enhancing
benefits. This was consistent with the findings of Mukta
et al. (2017) and Irawati (2019). Foliar application of
chitosan indicated that its uptake could happen through
leaves, stomata and roots (Mondal et al., 2012; Saharan
et al, 2016; Mukta et al, 2017; Irawati 2019;
Sathiyabama and Manikandan, 2021). Other advantages
could be due to the antimicrobial activity of chitosan
that prevents infection and thereby helps the plant
(Orzali et al.,, 2017; Malerba and Cerana, 2018). Yet
another advantage of chitosan application appears to be
its ability to facilitate water quality remediation which is
so critical for sustainable biomass production in
aquaponics. As for Bacillus sp., it was chosen to be one
of the ideal biofertilizers in this study because it has
ability to boost the health of plants by fungicidal effect
and increase the biomass production of vegetables in
soilless condition (Salleh 2009; Ozdemir et al., 2016).
Data provided by Pandey et al., (2018) on the use of
Bacillus sp. in vegetable cultivation suggested its
positive influence on the plant growth.

The data generated by the present investigation
(Figure 3) is concordant with the views of Kewcharoen
and Srisapoome (2019) who reported the role of Bacillus
subtilis in supporting the growth and reproduction of
nitrifying bacteria that lowered the concentration of
ammonia after third week. Although in this study, the
differences were subtle, and a lack of significant
difference in all the treatments with the control could
be due to small doses provided and the short culture
period. These conditions need to be optimized based on
extrapolation of the present findings.

The dynamics of water quality parameters in the
culture system provides information of practical
importance. Table 2 and Figure 4 contain data that
shows reduction in concentration of NH3-N, NO2-N, NOs-
N and POs-P, improvement in dissolved oxygen and
buffering of pH to maintain it around the neutral value.

The values of ammonia and nitrite are high,
suggesting that the biofiltration by nitrifying bacteria
was proceeding at a slower rate. The design
optimization of aquaponic systems remains a work in
progress. Investigations are ongoing to address the
problem of low pressure and small surface area of
aquaponic systems that will reduce the residence time
of toxic nitrogenous waste should they exceed the
tolerance range of the fish. Furthermore, the analysis
was based on total ammonia which is the sum total of
un-ionized ammonia (NHs) which is the toxic form, and
the ammonium ion (NHs*). Their relative proportions in
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water depend on the pH. In this study, pH was regulated
and not allowed above the threshold at which the NHs
predominates. Moreover, aeration system remained
active throughout to facilitate the diffusion of the
gaseous form of NHs to the air for increasing the
proportion of NH4* to the total ammonia concentration.
In the tropical warm water conditions, the temperature
fluctuations that account to spikes in nitrite were limited
and were within the range of tolerance of the fish.

A higher abundance of ammonia oxidizer bacteria
in water when ammonia level is 10 mg/L as reported by
Suwa et al. (1994) helps in mitigating the stress.
Moreover, pH range for inhibition of ammonia oxidizer
and nitrite oxidizer bacteria is 5.8-8.5 and 6.5 — 8.5,
below which these nitrogenous waste cause serious
toxicity (Princic et al., 1998). In this experiment, the pH
was maintained above these values. Observations of fish
behaviour did not indicate any signs of ammonia toxicity
which are marked by hyperactivity and convulsions
initially, followed by lethargy, disorientation or decline
and even loss of response to stimuli. In fact, the GIFT
continued to grow for the full cycle until the completion
of the experiment.

In this respect, chitosan biofertilizer (Treatment-A)
was comparatively better than Treatment-C. This could
be due to the capacity of chitosan as a bioadsorbent in
the water (Abdel-Ghany and Salem, 2019). Research
done by Bernardi et al. (2018) and Shi et al. (2020) linked
this process to the many active surface areas boosted by
the pore size distribution in the chitosan. Use of EM
(Treatment-C) reduced the concentrations of NHs, NH>,
NOs and POs when compared to the Control that
indicated the ability of this product to reduce the
organic substances by enhancing their decomposition,
and thereby contributing to improved water quality
(Kosov et al., 2017; Xu et al., 2021). Similar results were
obtained by Jozwiakowski et al. (2009) on a much larger
scale in a pond with an area of 1200 m?2. These authors
observed that that Treatment-C decreased the levels of
ammonium nitrate, total nitrogen and total phosphorus
more than half and improved the water quality. Talaat
(2019) has attributed this role of Treatment-C microbial
inoculant to its diverse types of microorganisms,
including photosynthetic bacteria, lactic acid bacteria,
yeast, actinomycetes and fermenting fungi which can
encourage the growth of healthy plants and improve the
water quality for all the species integrated in the
production unit. Lananan et al. (2014) reported that
components of Treatment-C in this study helped in
enhancing the phytoremediation by microalgae by way
of phosphorus uptake and highlighted that without EM,
the independent microalgae phytoremediation was not
effective enough to remove ammonia and phosphorus
from the wastewater. There could be other benefits of
EM such as suppression of diseases (Wood et al., 1999;
Kremer et al.,, 2001) and gain in biomass (Abd. El-
Mageed et al.,, 2020; Cui et al.,, 2021) but these
observations are based on land-based farming systems,
not the soilless system of aquaponics.

The Control set showed highest concentrations of
NHs, NHz, NO3 and POs from the beginning of the
experiment until the end. It can be deduced that the
presence of the biofertilizers helped in reducing these
nitrogenous compounds in the water. Treatment-B was
most effective in breakdown of toxic ammonia and
nitrite, and in furthering this nitrogen cycle in the
system. The effectiveness of Bacillus spp. in
bioremediation, especially in degradation of ammonia,
nitrite and nitrate, and reducing the partial pressure of
carbon dioxide has been experimentally demonstrated
earlier (Soltani et al., 2019).

It is evident from all the above trials that the
treatments A, B and C carried out water quality
remediation, and even if the changes were not
significant when observed over the period of the
experimental trial, the effects are marginally positive for
GIFT and the green beans. The results will probably be
significant in a longer farming period.

Failure of the aquaponic system to take the green
bean green beans to fruiting stage is evident from this
study. It is likely that leafy vegetables and herbs thrive
very well in such systems because of the lower
requirement of nutrients but fruiting needs more
nourishment which is required for growth of stems,
leaves and flower. Those nutrients and their quantities
that can support maturation and ripening of the fruit
need to be examined (Bittsanszky et al., 2016; Pineda-
Pineda et al.,, 2017) for maximizing the benefits of
aquaponics. If pods are the nutrient-rich product for
human consumption, the green bean integrated into the
aquaponic system should be supported to bear fruits.

Conclusions

In aquaponics, biofertilizers can perform water
quality remediation which is crucial for the well-being of
all the species integrated in the production system. Low
cost and accessibility of these products makes their
application both economical and practical. It is a new
area in the newer field of aquaponic farming system and
further research will open greater potential for
expanding and diversifying the scope of soilless culture
with reduced ecological footprint. More investigations
are needed for gaining better insights into the nutrient
cycling in aquaponics based on different species of fish
or invertebrates of aquaculture importance and plants.
Specifically, data is required on dynamics of turnover of
each macronutrient, its formation and transformation,
and its uptake for biomass gains, and the influence of
integrated species on each other as well as on the water
quality. Also, worth exploring is the interaction of
biofertilizers with the nitrifying bacteria that invariably
settle in the system to consume ammonia released as a
metabolic waste by the fish. Of special interest will be
the detailed understanding of the possible synergistic
role of the nitrifying bacteria and the BCL and EM
introduced into the system. An important issue
identified in this study is the failure of fruiting of green
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beans. Nevertheless, this finding has shown what needs
to be done to address this problem by way of controlling
environmental conditions and experimental verification
of the need for incorporating the fruiting supplements
in biofertilizers. These results will contribute to bridging
the knowledge gaps on the role of the various products
tested in this study for better results from aquaponic
systems.
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