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Abstract: The effects of two aquatic plants, duckweed (Lemna sp.) and azolla (Azolla sp.), on the
growth performance of fantail goldfish (Carassius auratus) and dissolved nutrient concentrations
were studied. The experiments were carried out in triplicate sets over a period of seven weeks. Eight
specimens of fantail goldfish (length = 5.16 ± 0.06 cm; body weight = 2.30 ± 0.06 g) were released into
each of the aquariums containing 40 L of water. Submerged sponge filters were used as the substrate
(bed) for the nitrifying bacteria to facilitate nitrification. The fish were provided feed at the rate of
2% of their body weight twice daily. In situ and ex situ water parameters (temperature, dissolved
oxygen, pH, total suspended solids, ammonia, nitrite, nitrate, and phosphate), body weight and
length of the Fantail goldfish, and wet weight of aquatic plants were measured weekly. The results
showed no significant differences (p > 0.05) in any of the three aquariums in water temperature, pH,
and dissolved oxygen. Survival of the fish was 100%. The highest food conversion ratio and specific
growth rate were observed in the aquarium stocked with duckweed, followed by the aquarium with
azolla and the control set (p < 0.05). The concentrations of nutrients (ammonia and nitrate) were
recorded lowest (p < 0.05) in the aquarium with azolla, followed by duckweed and the control. The
results suggested that aquatic plants were effective in absorbing nutrients and can serve as biofilters
to create better conditions for the growth of the fantail goldfish.

Keywords: integrated culture; ornamental fish; weed plants; nutrient profiles; dynamic equilibrium;
species compatibility

1. Introduction

Ornamental fish culture is a growing industry and is considered a profitable enter-
prise. Some fish species are often referred to as ‘living jewels,’ referring to their attractive
colouration and fascinating behaviour [1]. The important qualities of ornamental fish are
colouration and patterns, acceptance of artificial feed, resilience to captive conditions, and
compatibility with members of the same or different species [1,2]. Many of the ornamental
fish species possess these attributes and are of small size that can be easily accommodated
in the aquarium [3]. In Malaysia, ornamental fish keeping is a popular hobby. Furthermore,
Malaysia exports more than 200 ornamental fish species to cater to the overseas demand [4].
The ornamental fish trade creates jobs and income and contribute to economy [1].

Carassius auratus (Linnaeus, 1758), known as fantail goldfish, is among the most
popular ornamental fish belonging to the family Cyprinidae and subfamily Cyprininae [2].
Historically, it is one of the earliest fishes to be domesticated for aquariums. Its mouth is
small and terminal, without barbels, and the fish does not possess a tail spot and has fewer
than 31 scales along the lateral line. It is a scaly, high-bodied, and laterally compressed fish;
the dorsal fin is long with a slightly serrated third spine. Fantail goldfish resembles the
crucian carp, Carassius carassius (Linneaus, 1758), but it is more elongated and has a slightly
concave dorsal fin and larger scales [5]. Typically, goldfish can hybridize with some other
Carassius carp species. It can also interbreed with Koi and common carp to produce sterile
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hybrids. The domestication process of goldfish strains has been documented in many
different countries [6]. Goldfish may grow to 45 cm total length (TL) and 3 kg body weight;
however, their average size observed is 20 cm TL, and they weigh around 100–300 g. The
life span of the fish is typically six to seven years, but it can be as long as 30 years. Typical
habitat includes weedy ponds, shallow lakes, and slow-flowing rivers, especially those
with submerged aquatic vegetation [5]. It is an opportunistic feeder and accepts various
types of foods that can fit its mouth size [2,3]. Fantail goldfish possess high appetite,
resulting in large quantities of metabolic waste in the water through faeces and gills [7].
If the waste is not efficiently handled, water quality impairment creates insanitation and
mortality of the fish. The nitrogenous waste of significant concern is ammonia, which is
highly toxic. Even in small amounts, it causes stress to the fish and makes it susceptible to
bacterial infections and other health problems [2,8].

Usually, aquariums are provided with filtration systems to maintain water quality. It is
vital to select an appropriate filtration system for the aquarium according to selected species
and their maintenance requirements [9]. Biological filtration can be very effective in the
removal of excess ammonia in the aquarium water. Ammonia and nitrite concentrations are
reduced by nitrifying bacteria that colonize the suitable substrate to carry out the biological
filtration [10]. It is the process of oxidation of the waste products in which ammonia
(NH3) is oxidized to nitrite (NO2

−), which is converted to nitrate (NO3
−) that is relatively

much less toxic compared to NH3 and NO2
−. Conversion of NH3 to NO2

− is carried
out by Nitrosomonas sp. bacteria. While the other group of bacteria, called Nitrobacter sp.,
transforms NO2

− to NO3
−. Although NO3

− is not very toxic to fish, its accumulation in
large concentrations for extended periods can become a problem [8,10]. This problem can
be addressed by stocking selected species of plants for uptake of NO3 as a nutrient to gain
biomass. In this manner, the water quality problem is controlled to sustain the aquarium
operations.

Generally, plants are known for the uptake of nitrate; however, all the species of plants
do not function properly and survive under aquarium conditions. In this study, two types
of aquatic plants, duckweed (Lemna sp.) and azolla (Azolla sp.), were selected for stocking
in the aquarium with the fantail goldfish. Both plants have small leaves that float on the
water surface, and fish are often seen biting off pieces of the leaves, suggesting that these
plants can also be a source of nourishment. Moreover, both these plants can reproduce
by sexual as well as vegetative (asexual) methods for self-renewal [10]. Kabir et al. [11]
have suggested duckweed as a good source of vitamins and minerals in addition to a
small proportion of protein. Duckweed and azolla grow in stagnant and sewage-fed water
bodies and are considered obnoxious due to their tendency to overgrow, choke drains, and
hamper fishing and clearance operations. These plants have no market value or possess
very low price [10,11].

Fantail goldfish is a popular species in Malaysia [4]. The market price is RM (Malaysian
Ringgit) 1.05 (=USD 0.25) for specimens measuring 55–60 cm. The fish has a double anal
and caudal fin. The anal and caudal fins are split into two corresponding halves. Although
typically considered a hardy species, goldfish can be susceptible to extended exposure to
low water temperatures. It is exceptionally eurythermal, which can survive for limited
durations at temperatures between 0 ◦C and 41 ◦C and at temperatures close to 44 ◦C [12]
but only for a short period of exposure. This ability to tolerate such a wide range of
temperatures has contributed to goldfish’s wide zoogeographic distribution. While in
captivity, the fantail goldfish are maintained by not placing them under direct sunlight
because the temperature can rise when the volume is small beyond the tolerance level of
the fish. Fantail goldfish eat and produce considerable amounts of waste. In the aquarium,
wastes can impair water quality if not efficiently treated [4,7,8].

Lemna sp. is the largest genus in the family Lemnaceae [13]. Lemna disperna and
L. gibba are related to progenitor-derived species, however, the latter species is different
from L. disperna. Lemna spp. are of medium size, around 6 to 8 mm [14]. The newly formed
fronds remain attached to the parent frond during the initial stage of growth, and the plant
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appears to be made up of several fronds. Lemna sp. generally grows to a size of 0.5–1.0 cm
and is suitable for fish feed. It has the ability of improving water quality by absorbing
waste from water [14,15]. It is also suitable for small fish that bite off pieces for food [9].
Duckweed is easy to culture because it can reproduce through asexual reproduction and
vegetative propagation, and it is adapted to a large variety of geographical and climatic
areas [13–15].

The other aquatic plant is azolla, also known as mosquito fern. This common name
has been given due to the weed’s quality to control mosquitoes that attempt to lay eggs
in the water [16]. Azolla measures 0.5–3 cm [17]. The advantages of using these aquatic
plants include nutrient uptake and water quality enhancement [18] in addition to being a
good source of dietary nutrients. Azolla possesses small size and also floats on the water
surface, which makes it easy for fish to consume its soft tissues [19]. Azolla is amenable to
culture and grows by sexual and asexual reproduction. It is a source of essential amino
acids (EAA) for meeting the nutritional requirements of the animals [17–19]. It is rich in
lysine and contains more crude protein (from 19 to 30%) than most green forage plants
and aquatic macrophytes. Recently, Liu et al. [20] have reported using Azolla sp. in an
Ecological Controlled Survival System (CELSS) its photosynthetic ability to release oxygen.
The potential for growing Azolla sp. is limited by climatic factors, the availability of water
and inoculum, pests, and the need for phosphorus management [17]. Water volumes are
essential for the growth and reproduction of azolla. It is vulnerable to water shortages.
Although azolla may grow on wet mud surfaces, it prefers floating conditions [20]. In
this study, we investigated the effects of duckweed and azolla on the concentrations of
nutrients and growth performance of fantail goldfish.

Fantail goldfish possess high appetite and actively release products of catabolism in
the water through their faeces as well as gills, causing water quality problems that require
frequent cleaning [7,10]. Any delay in this process is reflected in water becoming cloudy
and increasing vulnerability of the fish to health problems. Biological filtration helps in
dealing with this problem by neutralizing the toxic waste products into a form that is easily
utilized by the plants for nourishment [8–10].

2. Materials and Methods
2.1. Experimental Setup

The trial was conducted at the Integrated Multi-Trophic Aquaculture (IMTA)-Aquaponic
Research Area of Borneo Marine Research Institute (BMRI), Universiti Malaysia Sabah, Malaysia.
Nine aquariums, each of 0.5 m length × 2.5 m width × 0.3 m height, were set up. Triplicate
tanks were prepared for each treatment (two aquatic plants—duckweed and azolla; and control
without aquatic plants). The arrangement of aquariums was randomized and placed on an
even surface. Each aquarium was filled with 40 L of treated water with an aeration tube and air
stone to ensure adequate oxygen and water mixing in the aquarium (Figure 1).

A sponge filter of the size that could fill a 1.5 L plastic bottle was placed into each
aquarium. The sponge filter used aeration to lift the water (Figure 2). The sponge pieces of
an average size of 48 cm3, numbering 6 to 8 per bottle, were used as a bed for nitrifying
bacteria. They were left for one week for bacteria colonization. The filtration apparatus
comprised a submerging sponge with a 1.5 L plastic bottle, PVC pipe and elbow with a
diameter of 2.5 cm, sponge, stone, and aeration tube (Figure 2). Eight specimens of fantail
goldfish were released in each aquarium. The weight and length of fantail goldfish in this
experiment were 2.30 ± 0.06 g and 5.16 ± 0.06 cm, respectively. This is a widely used size
of aquarium among the hobbyists.
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aquariums. Plant biomass was about 25.0 ± 0.5 g in each aquarium. The fantail goldfish 
was nourished by the standard commercially available feed (Aquadine Takara Sakana-II 
Floating Pellets). It contained 27.0% crude protein, 2.0% crude fat, 5.0% crude fibre, and 

Figure 1. (a) Design of the 40-L aquarium (size 0.5 m length × 2.5 m width × 0.3 m high) used in the
study with fantail goldfish and aquatic plants (duckweed and azolla) with a sponge filter. (b) Top
view of the aquarium with aquatic plants on the surface.

Two aquatic plants, duckweed (Lemna sp.) and azolla (Azolla sp.), and a control
set were used in the experiment with triplicate aquariums. Duckweed and azolla were
obtained from tilapia culture at the BMRI and placed into each of the triplicate treatment
aquariums. Plant biomass was about 25.0 ± 0.5 g in each aquarium. The fantail goldfish
was nourished by the standard commercially available feed (Aquadine Takara Sakana-
II Floating Pellets). It contained 27.0% crude protein, 2.0% crude fat, 5.0% crude fibre,
and 9.0% crude ash. The fish were fed 2.0% of the body weight twice daily. An equal
amount of feed was provided in the morning and evening feeding times as suggested by
Rehman et al. [21].

2.2. Measurement of Fantail Goldfish and Aquatic Plants

Length and weight of the fantail goldfish were measured weekly for seven weeks.
A digital balance and ruler were used for recording the body weight and length of the
fish. Fish weight was measured in a pre-weighed glass beaker containing 500 mL of water
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to minimize the handling stress on fish. Gain in weight caused by release of the fish
provided the bodyweight estimate. Aquariums were monitored thrice daily throughout
the experiment in order to determine the survival. At the end of the experiment, the data
were processed for calculating the percentage of survival and growth.
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Figure 2. Sponge filters in a plastic bottle size used as a bacteria bed.

Measurements of aquatic plants were conducted in order to know the amount of
azolla and duckweed eaten by the goldfish. The wet weight of aquatic plants was recorded
using the electronic balance. The amount of azolla and duckweed initially placed was
25.0 ± 0.5 g in each aquarium. The plants’ weight was measured weekly to ensure that
aquatic biomass in each aquarium was constant (25.0 ± 0.5 g). Dry weight was used to
calculate feed intake and feed conversion ratio [22]. Growth of azolla and duckweed was
determined by using quadrat sampling. The area covered by aquatic plants was calculated
by using the net 0.5 m × 0.25 m with a size 5 cm × 5 cm. The following formula was used
to calculate the density. Figure 3 shows the quadrat sampling of duckweed and azolla on
the water surface of the aquariums.
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The following formulas have been used to estimate various parameters [21,22], such
as the following:

• Survival Rate (SR%) = (Number of fish at the end of the experiment/Number of fish
at the beginning of the experiment) × 100);

• Weight gained (WG%) = [(Final weight, g—Initial weight, g)/Initial weight, g] × 100;
• Specific growth rates (SGR%) = [(Final weight, g—Initial weight, g)/No. of day] × 100;
• Feed Conversion Ratio (FCR%) = [Feed fed (g)/Weight gained (g)] × 100.

2.3. Water Analyses

Water parameters such as temperature, pH, and dissolved oxygen (DO) were mea-
sured by using a multi-sensor YSI instrument on a weekly basis. Analysis of nutrients and
Total Suspended Solids (TSS) was carried out at the interval of seven days. Water samples
were collected from each of the aquariums using a 250 mL polyethylene bottle immersed in
the water surface of each aquarium. Then, all water samples were brought to the Chemical
Laboratory of BMRI for further analyses. The water samples were then filtered using a
filtration apparatus (membrane filter with diameter 47 mm and pore size 0.45 µm, funnel
and receiver 500 mL from NalgeneTM, and electrical pump) to calculate the TSS. TSS was
calculated gravimetrically by filtering the water samples and weighing the Whatman filter
paper’s residue. The filtered 250 mL samples were then used for nutrients analyses using
colorimetric methods as suggested by Wetzel and Likens [23].

2.4. Statistical Analysis

All the quantitative data were analyzed using SPSS software version 27.0 and ex-
pressed as mean ± standard deviation (SD). Water quality variables such as DO, pH,
temperature, TSS, NH3-N, NO2-N, NO3-N, and PO4-P were analyzed using one-way
ANOVA for comparison. Measurement of growth performance of fantail goldfish included
initial and final weight, initial and final length, weight and length gain, SGR, survival, feed
intake, and FCR. Duncan tests were used to compare the mean values of the three different
treatments.

3. Results and Discussion
3.1. In Situ Water Quality

Table 1 presents the mean (+SD) of DO, pH, and temperature in the three different
experimental sets. Statistical analyses showed that DO, pH, and temperature were not
significantly different (p > 0.05) between the three sets. DO ranged from 6.95 ± 1.00 mg/L
to 7.39 ± 2.03 mg/L, pH varied from 7.81 ± 0.39 to 7.89 ± 0.46, and temperature fluctuated
in the range of 32.21 ± 1.63 ◦C to 32.42 ± 1.7 ◦C.

Table 1. TSS, NH3-N, NO2-N, NO3-N, and PO4-P in three different treatments sets.

Parameter Treatment

tREA n Azolla Duckweed Control

DO (mg/L) 24 6.95 ± 1.00 7.39 ± 2.03 7.20 ±1.28
pH 24 7.80 ± 0.41 7.81 ± 0.39 7.89 ± 0.46

Temperature (◦C) 24 32.03 ± 1.68 32.21 ± 1.63 32.42 ± 1.71
TSS (mg/L) 24 23.022 ± 8.900 a 26.268 ± 13.414 a 41.026 ± 37.099 b

NH3-N (mg/L) 24 0.055 ± 0.037 a 0.093 ± 0.067 b 0.098 ± 0.075 b

N02-N (mg/L) 24 0.028 ± 0.060 a 0.009 ± 0.006 a 0.012 ± 0.009 a

NH3-N (mg/L) 24 0.822 ± 0.823 a 0.924 ± 0.918 a 1.653 ± 1.648 b

PO4-P (mg/L) 24 0.913 ± 0.815 ab 0.672 ± 0.817 a 1.401 ± 1.488 b

Note: Values are expressed as mean + standard deviation, n = 24. Different superscript letters a,b within a column indicates significant
differences between treatments measured at p < 0.05.
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DO is the primary water quality consideration in any aquaculture or rearing sys-
tem [24] because fish consume oxygen from water by passive diffusion through gills. Colt
and Tamasso [25] reported that an adequate DO concentration in the water is required to
facilitate diffusion with respect to a concentration gradient from the water into the fish
blood. In this study, DO was recorded in the normal range (Table 1). There is a general
agreement on the lower limit of DO to be around 4.0mg/L [24]. Fish cannot convert the
energy efficiently into usable form if DO concentration is lower than the required level,
resulting in impaired swimming ability, reduced growth rate, and lower feed efficiency [26].
The immediate response of fish to decreased DO concentration manifests in increased
opercular ventilation rate and gasping [24,26].

Optimal temperatures for growth and spawning have been examined for many species
that are important in ornamental trade. The ideal temperature for fantail goldfish in
the aquarium is 18–26 ◦C [5]. Nico [27] reported that goldfish could survive even at
temperatures above 30 ◦C, although not for a long duration of exposure. However, in this
study, the water temperature in the three different treatments ranged from 32.21 ± 1.63 ◦C
to 32.42 ± 1.71 ◦C, and all fantail goldfish survived the experimental period. Higher
temperature is known to reduce the amount of oxygen in the water, and this requires
decreasing stocking density [28]. The solubility of oxygen in water depends on temperature,
total dissolved solids, and the partial pressure of oxygen in the atmosphere. Boyd and
Tucker [24] have discussed the oxygen solubility and temperature relation in the water
at 760 mm Hg pressure. Skillicorn et al. [29] have highlighted that the duckweed is
adapted to a wide variety of geographic and climatic zones and is distributed worldwide,
except in areas where the temperature falls below 0 ◦C. Most of these species are found
in the moderate climate of tropical and temperate zones. Although they can survive in
extreme temperatures, moderate, warm, and sunny conditions are better for its growth [29].
Landolt [14] explained that the fish exhibits faster growth in the tropics due to these factors.
Four species of azolla have originated from temperate, sub-tropical, and tropical regions
of North and South America [30], and their rearing success is limited by climatic factors,
water and inoculum availability, pest incidence, phosphorus requirements, and the need
for labor-intensive management [17]. Water is critical to the growth and multiplication of
Azolla sp. Although Azolla sp. may grow on wet mud surfaces or wet pit litters, it prefers
growing in a free-floating state [17].

The management of pH was also necessary for fish aquarium because its value steadily
declines due to the nitrification process, which increases H+ and NO3

− ions in the aquarium.
An essential item in the fish aquarium is a pH stabilizer because this variable is critical to
all the living organisms (fish, plants, and bacteria) in the aquarium. The recommended pH
range for freshwater fish is 6.8 to 7.2 [24,28]. Timmons et al. [31] reported a thriving fish
culture in the range of 6.5–8.5. Fantail goldfish was successfully reared in this study when
the pH range was 7.81 ± 0.39 to 7.89 ± 0.46. The impact of duckweed growth on water
quality in sub-tropical pond sediment has been reported to be significant at pH values 6.9
and 9.1 [32]. The pH values in ponds with aquatic plants are generally slightly alkaline
in the range of 7–8 [18]. Latha and Lipton [28] have reported that lower pH can enhance
the formation of ammonia in the water, affect the functions of the fish gills, and prove
detrimental to the growth of denitrifying bacteria. On the other hand, a pH of less than 7
can slow down the nitrification process, and if the decline in pH reaches less than 5, the
nitrification process can stop. This level of acidity exerts strong stress on the fish and can
threaten its survival [31].

3.2. Ex situ Water Quality

The mean ± SD concentrations of TSS, NH3
−-N, NO2-N, NO3-N, and PO4-P in

three different aquariums are shown in Table 1. Analysis of variance (ANOVA) revealed
that the concentrations of TSS, NH3

−-N, NO3-N, and PO4-P in three aquariums were
significantly different (p < 0.05), but there was no appreciable difference (p > 0.05) in the
NO2-N concentration. Figure 4 presents data on changes in TSS, NH3-N, NO3-N, and PO4-
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P concentrations from day 1 (week 0) until week 7. Evidently, the highest TSS concentration
recorded was 41.03 ± 3 7.1 mg/L in the control aquarium, followed by 26.27 ± 13.41 mg/L
in the duckweed aquarium and the lowest (23.02 ± 8.90 mg/L) in the azolla aquarium. The
NH3-N concentration was lowest in the azolla aquarium, 0.06 ± 0.04 mg/L, followed by
0.09 ±0.07 mg/L in the duckweed aquarium and 0.10 ± 0.0 8mg/L in the control aquarium.

Sustainability 2021, 13, x FOR PEER REVIEW 8 of 14 
 

On the other hand, a pH of less than 7 can slow down the nitrification process, and if the 
decline in pH reaches less than 5, the nitrification process can stop. This level of acidity 
exerts strong stress on the fish and can threaten its survival [31]. 

3.2. Ex situ Water Quality 
The mean ± SD concentrations of TSS, NH3−-N, NO2-N, NO3-N, and PO4-P in three 

different aquariums are shown in Table 1. Analysis of variance (ANOVA) revealed that 
the concentrations of TSS, NH3−-N, NO3-N, and PO4-P in three aquariums were signifi-
cantly different (p < 0.05), but there was no appreciable difference (p > 0.05) in the NO2-N 
concentration. Figure 4 presents data on changes in TSS, NH3-N, NO3-N, and PO4-P 
concentrations from day 1 (week 0) until week 7. Evidently, the highest TSS concentration 
recorded was 41.03 ± 3 7.1 mg/L in the control aquarium, followed by 26.27 ± 13.41 mg/L 
in the duckweed aquarium and the lowest (23.02 ± 8.90 mg/L) in the azolla aquarium. The 
NH3-N concentration was lowest in the azolla aquarium, 0.06 ± 0.04 mg/L, followed by 
0.09 ±0.07 mg/L in the duckweed aquarium and 0.10 ± 0.0 8mg/L in the control aquarium.  

 
(a) 

 
(b) 

 
(c)  

Sustainability 2021, 13, x FOR PEER REVIEW 9 of 14 
 

 
(d) 

Figure 4. Means + SDs of (a) Total Suspended Solids (TSS), (b) ammonia, (c) nitrate, and (d) phos-
phate concentrations in the three different aquariums (azolla, duckweed, and control) during the 49 
days experiment. 

Concentrations of NO3-N and PO4-P were higher in the control aquarium, amount-
ing to 1.37–1.51 mg/L and 1.40–1.49 mg/L, respectively, followed by the azolla aquarium 
with concentrations of 0.83–0.84 mg/L and 0.93–0.97mg/L, respectively. The lowest value 
was observed in the duckweed aquarium, 0.91–0.92 mg/L and 0.72–0.92 mg/L, respec-
tively. Our results showed that TSS, NH3, NO2, and PO4 concentrations were significantly 
different (p < 0.05) among the three treatments. The lowest TSS concentration was rec-
orded in the azolla aquarium, followed by the duckweed aquarium, and then the control. 
Data from the azolla and duckweed aquariums indicated that biological processes tend to 
reduce TSS and enhance water quality (Table 1). TSS in the control aquarium is signifi-
cantly higher during week 7, which was more than 100 mg/L. Suspended solids in the 
water may occur in inorganic, organic or mixed organic, and inorganic forms [8,24]. The 
natural sources of suspended solids are silt and detritus generated by bioactivity, chem-
ical reactions, and sediment resuspension due to current and wave action and possibly 
some quantities originating from the air. The concentration of suspended solids in the 
range of 100–100,000 mg/L can be lethal, but values of 10–100 mg/L are typically sublethal 
[33]. The common sublethal responses to suspended solids account for increases in 
haemoglobin and red blood cell count and hematocrit values [34]. Higher TSS concen-
trations develop cloudy conditions in the water due to accumulation of solid particles, 
dissolved organic matter, and algae. The reduction in suspended faecal matter in the 
water can result in an imbalance in the bacterial population and increase the concentra-
tion of toxic compounds such as NH3 and NO2, affecting fish health [35]. Estim et al. [8] 
have highlighted that the suspended solids harm the fish directly by clogging the gill 
structures. The stress imposed on the fish suppresses their immune system, increases the 
vulnerability to diseases, and impairs osmoregulation [36]. Mass mortality of fish where 
decay of a large biomass of organic matter takes place is mainly attributed to a decline in 
DO availability [37]. 

Ammonia is a significant problem in the aquarium due to its toxicity with respect to 
fish. Ammonia toxicity manifests in multiple ways, such as disturbed salt-water balance, 
kidney failure, branchial dysfunction, neurological impairment, and cytological damage. 
This diminishes the ability of the fish to eliminate endogenous ammonia [38]. The total 
ammonia in the water occurs in an ionized form (ammonium) and un-ionized state. The 
results generated through ANOVAs showed that the highest NH3 concentration was in 
the control aquarium, followed by the duckweed aquarium. The azolla aquarium pro-
duced the best result in reducing ammonia concentration. The toxic level of ammonia in 
short-term exposure was usually in the range of 0.6 to 2.0 mg/L, while the maximum 
tolerable level was 0.1 mg/L [8,24,28]. Ammonia effects on the fish depend on its con-
centration and species tolerance. Some species are more susceptible even when the ex-
posure period is short [8,10]. Un-ionized ammonia has been observed to be harmful with 

Figure 4. Means + SDs of (a) Total Suspended Solids (TSS), (b) ammonia, (c) nitrate, and (d) phosphate
concentrations in the three different aquariums (azolla, duckweed, and control) during the 49 days
experiment.



Sustainability 2021, 13, 11236 9 of 13

Concentrations of NO3-N and PO4-P were higher in the control aquarium, amounting
to 1.37–1.51 mg/L and 1.40–1.49 mg/L, respectively, followed by the azolla aquarium with
concentrations of 0.83–0.84 mg/L and 0.93–0.97mg/L, respectively. The lowest value was
observed in the duckweed aquarium, 0.91–0.92 mg/L and 0.72–0.92 mg/L, respectively.
Our results showed that TSS, NH3, NO2, and PO4 concentrations were significantly differ-
ent (p < 0.05) among the three treatments. The lowest TSS concentration was recorded in
the azolla aquarium, followed by the duckweed aquarium, and then the control. Data from
the azolla and duckweed aquariums indicated that biological processes tend to reduce
TSS and enhance water quality (Table 1). TSS in the control aquarium is significantly
higher during week 7, which was more than 100 mg/L. Suspended solids in the water
may occur in inorganic, organic or mixed organic, and inorganic forms [8,24]. The nat-
ural sources of suspended solids are silt and detritus generated by bioactivity, chemical
reactions, and sediment resuspension due to current and wave action and possibly some
quantities originating from the air. The concentration of suspended solids in the range of
100–100,000 mg/L can be lethal, but values of 10–100 mg/L are typically sublethal [33].
The common sublethal responses to suspended solids account for increases in haemoglobin
and red blood cell count and hematocrit values [34]. Higher TSS concentrations develop
cloudy conditions in the water due to accumulation of solid particles, dissolved organic
matter, and algae. The reduction in suspended faecal matter in the water can result in an
imbalance in the bacterial population and increase the concentration of toxic compounds
such as NH3 and NO2, affecting fish health [35]. Estim et al. [8] have highlighted that the
suspended solids harm the fish directly by clogging the gill structures. The stress imposed
on the fish suppresses their immune system, increases the vulnerability to diseases, and
impairs osmoregulation [36]. Mass mortality of fish where decay of a large biomass of
organic matter takes place is mainly attributed to a decline in DO availability [37].

Ammonia is a significant problem in the aquarium due to its toxicity with respect to
fish. Ammonia toxicity manifests in multiple ways, such as disturbed salt-water balance,
kidney failure, branchial dysfunction, neurological impairment, and cytological damage.
This diminishes the ability of the fish to eliminate endogenous ammonia [38]. The total
ammonia in the water occurs in an ionized form (ammonium) and un-ionized state. The
results generated through ANOVAs showed that the highest NH3 concentration was in the
control aquarium, followed by the duckweed aquarium. The azolla aquarium produced the
best result in reducing ammonia concentration. The toxic level of ammonia in short-term
exposure was usually in the range of 0.6 to 2.0 mg/L, while the maximum tolerable level
was 0.1 mg/L [8,24,28]. Ammonia effects on the fish depend on its concentration and
species tolerance. Some species are more susceptible even when the exposure period is
short [8,10]. Un-ionized ammonia has been observed to be harmful with respect to culture
of several species even at 0.05 mg/L, causing growth retardation, reduced fecundity and
fertility, severe stress, and vulnerability to pathogens [24].

In response to ammonia poisoning, the gills become red, skin color darkens, and fish
starts gasping at the surface. Toxic levels can be reached in a relatively short period of time
and cause death. In some fish species, the gills are damaged when the concentration is as
low as 0.25 mg/L [9]. Mortality occurs rapidly at concentrations exceeding 2.0 mg/L.

There is a paucity of data on chronic nitrate toxicity at various stages of fish in a
culture system. In this study, the lowest nitrate concentration was recorded in the azolla
aquarium, followed by the duckweed aquarium. The control aquarium showed the highest
value (1.6 mg/L), and this is a nontoxic level. Concentration over 300 mg/L can be a cause
for concern [39]. Azolla and duckweed in the aquarium used NO3 for nourishment, which
reduced its concentration compared to the control aquarium. Recirculating aquaculture
systems operate with very low water exchange, and higher NO3 concentration can cause
toxicity to fish [40]. The NO3 levels (80 to 100 mg/L) for extended periods are associated
with stress in the juvenile rainbow trout reared in recirculating systems. The impaired
conditions of the fish were evident from changes in swimming behaviour, reduced survival,
and decreased total biomass. However, in aquaponics or other integrated cultures with
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plants, the nitrogen compounds should always be evaluated together with a general health
check on the fish due to the modulation of the nitrogen cycle [41]. The removal of nutrients
is considerably influenced by the plant species.

Some fish species are very susceptible to NO2 and suffer from stress even at small
periods of exposure [42]. The problems related to NO2 typically occur in closed aqua-
culture systems due to an inefficient and inadequate process of removal of NH3 through
biofiltration [43]. Nitrite concentration in blood plasma can accumulate up to ten times
higher than the concentration in the surrounding water [44]. According to Cameron [45],
the transport of oxygen in the fish blood is constrained by oxidation of haemoglobin (Hb)
to methemoglobin (metHb) under prevailing NO2 toxicity. MetHb reduces the oxygen
distribution to the tissues [43]. Yildiz et al. [42] reported that NO3 exposure in the range
of 0.50–1.38 mg/L for 48 h caused a decrease in Hb and hematocrit and increased MetHb
levels in fish blood. Over 50% of the metHb concentration was fatal for the fish [46].

Nitrification is a microbial process that reduces nitrogen compounds (especially NH3),
sequentially oxidizing them to NO2 and NO3. Ammonia is generated in aquarium water
through fish waste and uneaten feed. The nitrification process is carried out by autotrophic
nitrifying bacteria that can build organic molecules using inorganic sources. Present results
showed that PO4 concentration in the duckweed aquarium was the lowest of all the sets,
followed by the concentration in the azolla aquarium. The highest value was in the control
aquarium. Obviously, uptake by azolla and duckweed made a significant difference in the
phosphate profile. Duckweed was more efficient compared to azolla and control treatments
in terms of phosphate uptake. Landolt and Kandeler [47] reported that azolla requires
a high level of phosphorus for growth. This nutrient can become a major limiting factor
after nitrogen. Phosphate naturally increases with the decomposition of the waste in the
aquarium. In addition to being produced internally, PO4 is also able to enter the aquarium
system through external sources and not only from the food provided but also from the
water source used, especially the chemicals used for buffering tap water [24,47].

3.3. Growth Performance of Fantail Goldfish

Table 2 presents data on the growth performance, SGR, survival, feed intake, and
FCR of fantail goldfish in the three aquariums during the 7-week trial. Statistical analysis
showed that the final weight and length and SGR of fantail goldfish in the three aquari-
ums were significantly different (p < 0.05), while no significant differences (p > 0.05) were
observed in weight and length gain, survival rate, feed intake, and FCR. The highest
final weight, final length, and SGR were recorded in the duckweed aquarium, followed
by the azolla aquarium and the control aquarium (Table 2). The range of values of ini-
tial weight and initial length were 2.24 ±0.21 g to 2.39 ± 0.17 g and 5.05 ± 0.11 g to
5.20 ± 0.08 g, respectively. The feed intake and FCR were 72.2 ±6.2 g–132.1 ± 6.6 g and
1.07 ± 0.28 –1.17 ± 0.58, respectively. The survival rate was 100% in all treatments.

Similarly, to other aquatic plants, duckweed also needs many trace elements such
as nitrogen, phosphorous, and potassium [48]. Duckweed possesses well-developed
mechanisms for uptake and utilization of these substances. Duckweed can tolerate high
concentrations of macronutrients as well as micronutrients and possesses efficient mineral
absorption capacity [13]. Ferdoushi et al. [18] conducted investigations using duckweed as a
biofilter in an aquaculture system receiving effluents from fish farms and demonstrated the
plant’s water remediation capacity. It is essential to recognize that a sustainable aquarium
system needs to balance nutrient levels for optimal growth of fish and nitrifying bacteria.

The final weight, final length, and SGR of fantail goldfish in the three aquariums were
significantly different after seven weeks of trial. There was no mortality, and the duckweed
aquarium showed the highest value, followed by the azolla and the control aquariums.
All fish specimens showed positive signs of growth and normal behaviour expected of
healthy specimens. The duckweed aquarium with commercial feed for the fantail goldfish
promoted better feed efficiency compared to the other aquariums. Galkina et al. [49] have
also noticed faster growth of grass carp when integrated with duckweed than compared
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to the other feed materials. Common carp, catfish, and tilapia were the most active users
of fresh duckweed [50]. According to Fasakin et al. [51] duckweed can contribute up to
30 percent of the total feed without significantly affecting growth performance. Evidence
presented suggested that duckweed could be efficiently assimilated into the biomass of
tilapia and carp [50,52].

Table 2. Initial and final weight, initial and final length, weight gain, length gain, SGR, survival, feed
intake, and FCR of the fantail goldfish in the three different treatment aquariums.

Parameter Treatment

tREA Azolla Duckweed Control

Initial weight (g) 2.39 ± 0.17 a 2.27 ± 0.27 a 2.24 ± 0.21 a

Final weight (g) 4.79 ± 0.10 b 5.18 ± 0.14 c 3.69 ± 0.23 a

Initial length (cm) 5.05 ± 0.11 a 5.20 ± 0.08 a 5.16 ± 0.09 a

Final length (cm) 6.32 ± 0.11 a 6.57 ± 0.13 b 6.15 ± 0.10 a

Weight gain (%) 106.07 ± 27.92 a 130.22 ± 37.58 a 71.93 ± 31.64 a

Length gain (%) 24.99 ± 2.26 a 27.26 ± 9.95 a 19.708 ± 8.18 a

SGR (%/day) 5.10 ± 0.90 ab 5.93 ± 1.07 b 3.20 ± 1.23 a

Survival (%) 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a

Feed intake (g) 111.80 ± 2.44 a 132.12 ± 6.55 a 72.18 ± 6.21 a

FCR 1.09 ± 0.233 a 1.07 ± 0.28 a 1.17 ± 0.58 a

Note: Values are expressed as mean + standard deviation, n = 24. Different superscript letters a,b,c within a column
indicate significant differences between treatment sets at the level of p < 0.05.

Supplements in fantail goldfish diets could include cacao bean meals for better growth
and reproduction performance, economic efficiency, and health of the rearing system [53].
Adding cacao bean meal to the diets of fantail goldfish can also improve the feeding cost.
The most expensive product in fish production is feed, accounting for around 45 % of the
total cost [53]. Many efforts have been made to identify pathways to reduce feed costs in
assessing the dietary supplement for fish production [54]. Products extracted from Aspilia
mossambicensis and Azadirachta indica leaf have been tested [55]. Extracts of Carica papaya
as a dietary supplement could enhance gonadal development and improve growth [56].
Duckweed and azolla are also suitable for fish feed because of their protein, vitamins, and
minerals contents [11,19]. Both aquatic plants are easily accommodated in limited spaces
due to small leaves that float at the surface and are a source of nourishment for the stocked
fish [14–17,19].

4. Conclusions

This study demonstrated that the aquatic plants such as the duckweed and azolla
which are considered invasive weeds can play an important role in biofiltration and water
quality remediation in aquarium stocked with the fantail goldfish. These two plants also
serve as additional feed ingredients for the fish. It is a sort of biological pruning of the
plants. The experimental results revealed that the feed efficiency was better with the
duckweed compared to azolla. The duckweed supported better growth performance of the
fantail goldfish. The combination of fish and aquatic plants in an aquaculture system is
cost-effective, resource-efficient, and environment-friendly. More follow-up studies should
be conducted involving different species of ornamental fish and plants to support the
aquarium trade.
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