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Abstract
Fish waste water nutrient recycling in an aquaponic system was studied under different stocking
densities of Koi Carp, Cyprinus carpio var. koi, along with spinach, Beta vulgaris var. bengalensis. Fish
growth performance, plant growth, nutrient dynamics, and nutrient removal and their dependence
on different stocking densities, namely 1.4, 2.1, and 2.8, were observed, of the different combinations,
fish stocked at 1.4 kg/m3 had the best growth. Percent nutrient removal (NO3 –N, PO4 –P, and K) was
significantly higher at 1.4 kg/m3 . Thus, 1.4 kg/m3 stocking density can be suggested as optimum for Koi
Carp production in spinach aquaponic systems.

Aquaculture has emerged as a major food producing sector, and it is now a major global industry with total annual production exceeding 63.6
million m.t. (FAO 2011). Aquaculture practices
require freshwater which is a scarce resource.
They can potentially discharge waste water containing organic matter, ammonia, nitrate, and
phosphate. Releasing these nutrients to receiving
water bodies creates environmental pollution.
Untreated aquaculture water discharge not only
contaminates rivers, but can also spread infections to downstream fish culture ponds (Thein
et al. 2007). Organic matter in the discharged
effluent reduces dissolved oxygen levels and further contributes to sediment buildup. Moreover,
high nutrient loading degrades water quality by
stimulating excessive phytoplankton production
(Joyner 1992). Therefore, inorganic nitrogen
and phosphate removal is essential for aquaculture wastewater to protect receiving waters
from eutrophication and for potential water reuse
(Endut et al. 2009).
Conventional methods have been used for
removing nutrients and toxic substances in
recirculating aquaculture such as sand filters and
mechanical filters for particulate matter removal.
Trickling filters, fluidized bed reactors, and
1 Corresponding

author.

rotating biological contactors are used to control
and treat dissolved nutrients. These methods are
used for oxidation of organic matter, nitrification, or denitrification (Van Rijn 1996). All these
methods have the disadvantage of high energy
demand, sludge production, and frequent maintenance. Aquaponics is also a tool for removing
environmental pollution, which is useful compared to other recirculating aquaculture systems.
Aquaponic systems are recirculating aquaculture systems with hydroponic plants without soil
(Rakocy et al. 2006). Aquaponics work on the
principle of nitrogen cycle, wherein dissolved
waste generated from the production system is
effectively converted to plant nutrients by beneficial nitrifying bacteria. Plants can utilize these
nutrients for their growth. Recirculating aquaculture systems already produce large volumes
of fish in a small footprint without aquaponics.
Aquaponics does allow for increased production
using the same volume of water and nutrient
input. By this technique, it is possible to reduce
wastes and associated environmental impacts,
and at the same time generate fish and plant
crops (Naegel 1977; Quillere et al. 1995; Ghaly
et al. 2005; Rakocy et al. 2006). Aquaponics has
the potential to reduce environmental pollution
caused by aquaculture effluents.
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Koi Carp, Cyprinus carpio var. koi, is an ornamental fish with high market demand because of
its color patterns. It has great demand in South
East Asian countries, and being hardy in nature,
it is highly suitable for garden pools and aquariums. Limited information on Koi Carp culture in
aquaponics system is available. Spinach, Betta
vulgaris var. bengalensis, commonly known as
Palak or beet leaf, is a native green vegetable
to the Indochina region. It is a cool seasonal
crop, requiring a mild climate for good production. It is tolerant to slightly alkaline soils and
highly tolerant to salinity. Spinach is considered a popular salad ingredient, as it is rich in
iron and a good source of folic acid. It can be
grown hydroponically in greenhouse production
(Rosik-Dulewska and Grabda 2002). The objective of this research was to determine an optimal
fish to plant ratio using Koi Carp fingerlings and
beet leaf in a recirculating aquaponic system.
Materials and Methods
Experimental Design
The aquaponic recirculating system was
designed and setup in the wet laboratory of
Aquaculture Division of CIFE, Mumbai, India.
The system consisted of 18 individual, identical
aquaponic units, allowing experimental treatment replication. Nutrient dynamics, nutrient
removal and stocking density standardization of
Koi Carp under aquaponic systems were studied by conducting an experiment on Koi Carp
fingerlings stocked at three different stocking
densities for 60 d.
The experimental design consisted of five
treatments, each having three assigned replicates. Different stocking densities of Koi Carp,
that is, 1.4 kg/m3 (40/tank), 2.1 kg/m3 (60/tank),
and 2.8 kg/m3 (80/tank) were assigned in three
treatments as T1, T2, and T3, respectively,
with spinach plantlets in hydroponic tanks at
28 plants/m2 . S1 and S2 were the treatments
with stocking density of Koi Carp fingerlings
at 2.1 kg/m3 (60/tank) and 2.8 kg/m3 (80/tank),
respectively, without spinach plants to compare
nutrient accumulation (nitrate, potassium, phosphate) in the absence of plants. Control (C) led
at the same rate was set with stocking density of

653

Koi Carp at 1.4 kg/m3 (40/tank) without plants
in hydroponic tanks with three replicates. Flow
rate was maintained as 1.5 L/min (constant flow)
in all treatments and controlled throughout the
experiment. Spinach growth in the aquaponic
system was compared with traditional agriculture practice treatment (A), which was grown
on manured soil. Initially, the system was operated for 2 wk with fish to enhance ammonia level
for nitrifying bacteria growth. After 14 d (2 wk),
spinach plantlets were transplanted to the hydroponic component of the system.
Each aquaponic recirculating system consisted
of a fish tank, two hydroponic tanks filled with
gravel, a submersible pump with pipe arrangement, and ball valves to regulate the water flow
(Fig. 1). Pipelines (15 mm) made of polyvinyl
chloride were installed to connect the fish culture
tank and hydroponic tanks to recirculate water.
Rectangular tanks of 180 L (81.2 ×
57 × 38.8 cm) capacity each were selected
for growing fish. Water was filled up to 120 L.
The fish tank was installed with a submersible
water pump (Sobo, Zhongshan, China, WP1650
1500 L/h at 1.5 m head) for water circulation.
Two halves of a HDPE barrel each having
size of 91 × 57 cm with a depth of 29.4 cm were
connected with one fish tank and used for hydroponics studies. Hydroponic tanks were filled
with gravel ranging from 5 to 15 mm. Constant
water flow from the fish tank to the hydroponics
tank was regulated by 15 mm diameter ball
valves provided at both sides of hydroponic tank
and water from the hydroponic tank returned by
gravity force to the fish tank through a 15 mm
diameter polyvinyl chloride (PVC) drain pipe.
Fish
Fingerling Koi Carp were procured from
commercial fish breeders. Before stocking, fish
were disinfected by bath treatment of 5 ppm
KMnO4 . Fingerling Koi Carp were stocked
according to assigned stocking density. Average
weight and length of fish were 4.58 ± 0.03 and
4.23 ± 0.03 cm. Fingerlings were provided artificial pelleted sinking feed with protein (32%),
moisture (7.07%), either extract (8.31%), at 2%
body weight twice a day.
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Figure 1. Schematic diagram of experimental aquaponic system.

Plants
Spinach seed was sown in nursery trays
(52.5 × 27 cm) made of plastic and consisting of
140 cavities, filled with coconut husk medium,
and allowed to grow for 15 d before transplanting into the experimental aquaponic systems.
Plantlets of spinach were transplanted from the
nursery tray to hydroponics tanks at 28/m2 . The
plant size at stocking was 7.05 ± 0.01 cm.
Sampling
Fish sampling was carried out at 15 d intervals
for growth (length and weight) assessment and
health check. Plant growth was monitored every
15 d by measuring the plant height, leaf length,
and leaf width. After 60 d, spinach plants were
harvested.
Sample Analysis
Water quality variables were analyzed during
the experiment at 10 d intervals. Sampling was
conducted between 08:30 and 09:30 at each
sampling date, and samples were kept in a
refrigerator at 4 C in labeled polythene bottles

for chemical analysis. Water temperature was
measured by thermometer, and pH was measured
using universal pH indicator. Dissolved oxygen,
free CO2 , hardness, alkalinity, ammonia, nitrite,
and nitrate were analyzed by standard methods
outlined in APHA (2005). Sodium, potassium,
and calcium in the water samples were estimated by flame atomic emission spectrometry
(FAES) using a flame photometer (Elico CL
378, Hyderabad, India).
Magnesium, iron, and zinc were analyzed
by digesting water samples using Supra Pure
concentrated acids (Merck, Darmstadt, Germany) in a microwave-based digestion system
(Microwave 3000, Anton Parr, Graz, Austria).
Digested samples were diluted to 50 mL each
and subjected to analysis by atomic absorption
spectrophotometer (Analyst 800, Perkin Elmer,
Waltham, MA, USA) using flame atomization.
Statistical Analysis
The data were subjected to analysis using
statistical package SPSS version 16 in which
one-way ANOVA and Duncan’s Multiple Range
Test were performed at a significance level of
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Table 1.
Variables

Physico-chemical variables and nutrient dynamics for different treatments over a period of 60 d.1
C

Temperature (C)
24.03a ± 0.62
Salinity (ppt)
1.60a ± 0.08
pH
7.33a ±0.02
DO (mg/L)
6.66b ± 0.23
Free CO2 (mg/L)
4.49a ± 0.17
Hardness (mg/L)
349.64a ± 3.73
Alkalinity (mg/L) 235.57a ± 5.51a
1 Mean

T1

T2

T3

24.08a ± 0.62
24.08a ± 0.62
24.0a ± 0.59
1.60a ± 0.08
1.61a ± 0.08
1.60a ± 0.08
7.33a ± 0.02
7.32a ± 0.01
7.33a ± 0.01
6.79b ± 0.21 6.11ab ± 0.0.32
5.77a ± 0.28
4.44a ± 0.15
4.59a ± 0.15
5.18a ± 0.43
347.95a ± 3.52 347.86a ± 3.52 348.71a ±3.75
239.71a ± 4.05 238.62a ±6.25 237.29a ± 5.77a

S1

S2

24.08a ± 0.60 24.06a ± 0.57
1.60a ±0.08
1.60a ± 0.08
7.33a ± 0.02
7.34a ± 0.01
6.10ab ± 0.28
5.65a ± 0.29
4.81a ±0.20
5.06a ± 0.41
348.83a ± 3.75 348.80a ± 3.37
238.14a ± 4.95 238.0a ± 5.48

values with same superscript did not show any significant difference (P > 0.05).

(P < 0.05) at 95% confidence limit to know the
significant difference between the treatments and
control means for different variables.
Results and Discussion
Water Quality Variables and Nutrient Dynamics
Water temperature during the study varied
within a range of 23–26.5 C, with no marked
variation among the treatments and control.
Mean dissolved oxygen in all treatments and
control varied significantly (P ≤ 0.05). Dissolved oxygen was highest in T1 (6.79 ± 0.21),
C (6.66 ± 0.23); whereas, the lowest dissolved
oxygen concentration was in T3 (5.77 ± 0.28)
and S2 (5.87 ± 0.31). During the experiment,
dissolved oxygen varied from 7.15 to 4.9 mg/L.
The concentration of free CO2 varied from
3.92 to 5.93 mg/L and did not show any significant difference among treatments and Control
(P > 0.05) (Table 1).
Water quality variables were within the ranges
suitable for Koi Carp culture. Temperature, pH,
dissolved oxygen, and free CO2 in all treatments
and Control were within the ranges suitable for
rearing Koi Carp. Total alkalinity and total hardness were higher in the treatments and control
groups, but all the values were within the desired
levels.
Ammonia nitrogen (NH4 + –N) varied significantly (P ≤ 0.05) and was highest in S2
(0.27 ± 0.03) followed by S1 (0.19 ± 0.02),
C (0.14 ± 0.020), T3 (0.10 ± 0.02), T2
(0.072 ± 0.02), and T1 (0.051 ± 0.02) (Table 2).
Ammonia ranged from 0.05 to 0.27 mg/L. The
suggested value of ammonia in a recirculating aquaculture system should be less than
1.00 mg/L (Nijhof and Bovendeur 1990; Van

Rijn and Rivera 1990). Ammonium nitrogen
(NH4 + –N) was significantly higher in treatments without plants (S1 and S2) compared to
treatments with plants (T1, T2, and T3). Lower
NH4 + –N in the treatments with plants indicated the efficiency of spinach plants to uptake
nutrients from the culture wastewater in the
aquaponics system. Lin et al. (2002) reported
86–98% removal of ammonium nitrogen
(NH4 + –N) from constructed wetlands system
receiving aquaculture waste water. Ammonium
(NH4 +) is a major source of inorganic nitrogen
taken up by the roots of higher plants (Vaillant
et al. 2004). There may be less reliance on nitrification for ammonia removal when sufficient
plants are present in the aquaponic systems.
The nitrite–N concentration varied significantly (P ≤ 0.05) among treatments, with
highest value observed in S2 (0.165 ± 0.03)
followed by S1 (0.128 ± 0.02), C (0.103 ± 0.02),
T2 (0.060 ± 0.01), T3 (0.056 ± 0.01), and T1
(0.047 ± 0.01) (Table 2). Nitrite–N was significantly different among treatments. Less nitrite
was observed in integrated systems (T1, T2,
and T3) because plants and bacteria removed
ammonia efficiently. Verhagen et al. (1995)
reported plant roots are more competitive for
ammonium than oxidizing bacterial species
(Nitrosomonas europaea). Increasing the nitrite
content in water exerts more stress on the fish
and leads to growth suppression, tissue damage, and mortality (Lewis and Morris 1986).
In our study, all variables were in the range
suitable for Koi Carp culture. Nitrate–N levels
were significantly different among treatments.
Treatments S2, S1, and C showed higher nitrate
levels compared to treatments with plants (T1,
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Physico-chemical variables and nutrient dynamics for different treatments over a period of 60 d.1

Variables (mg/L)
Ammonia
Nitrite–N
Nitrate–N
Phosphate
Potassium
Calcium
Magnesium
Sodium
Iron
Zinc
1 Mean

C

T1

T2

T3

S1

S2

0.14bc ± 0.02
0.103ab ± 0.01
16.63bc ± 3.85
1.18ab ± 0.29
20.17b ± 0.43
128.65b ± 1.04
52.37b ± 0.26
348.97b ±6.39
0.047b ± 0.00
0.103b ± 0.00

0.05a ± 0.02
0.047a ± 0.01
3.24a ± 0.59
0.58a ± 0.11
13.94a ±1.10
124.83a ± 0.54
44.98a ±1.89
321.83a ± 1.66
0.022 a ± 0.01
0.067a ± 0.01

0.072ab ± 0.01
0.060a ± 0.01
4.25a ± 0.89
0.71a ± 0.14
14.28a ± 1.04
125.75a ±0.52
45.28a ± 1.78
322.15a ±1.60
0.0250a ± 0.01
0.066a ± 0.01

0.10ab ± 0.02
0.056a ± 0.01
9.93ab ± 1.91
1.03ab ± 0.28
14.26a ± 1.02
125.33a ± 0.61
45.34a ± 1.78
321.83a ±1.89
0.025a ±0.01
0.067a ± 0.01

0.19c ± 0.02
0.128bc ± 0.02
17.86bc ± 4.02
1.30ab ± 0.28
20.31b ± 0.63
128.64b ± 1.05
52.47b ± 0.29
356.98b ± 8.40
0.053b ± 0.00
0.11b ± 0.00

0.27d ± 0.03
0.165d ± 0.03
23.44c ± 5.27
1.708c ± 0.42
20.71b ± 0.70
128.55b ± 1.05
52.470b ± 0.30
358.85b ± 7.39
0.0051b ± 0.00
0.10b ± 0.00

values with same superscript did not show any significant difference (P > 0.05).

T2, and T3) (Table 2). This showed spinach
plants effectively removed nitrates.
Nitrate–N is relatively harmless, and it is the
preferred form of nitrogen for growing higher
plants (Rakocy et al. 2006). Nitrate–N is not
generally of great concern to target species
such as Koi Carp, and aquatic species can
tolerate extremely high nitrate–N concentration that is more than 25 mg/L. Ebeling et al.
(1993) found many fish produced in aquaculture systems can tolerate nitrate concentrations
exceeding 25 mg/L. Poxton and Allouse (1982)
recommended NO3 –N concentrations should
not exceed 50 mg/L in waters used for culturing of fish and shellfish. In this study, NO3 –N
concentrations were in the favorable ranges in all
treatments and control.
The mean phosphate concentration varied
significantly (P ≤ 0.05) among all treatments.
The highest phosphate concentration was in
S2 (1.71 ± 0.42), followed by S1 (1.30 ± 0.28),
C (1.18 ± 0.29); whereas the lowest value
was observed in T1 (0.58 ± 0.11) (Table 2).
Phosphate (PO4 –P) levels were significantly
different among the treatments, and levels were
lower in the treatments T1, T2, and T3 compared to S1 and S2 because of the phosphate
utilization by spinach plants. Mean potassium
concentration varied significantly (P ≤ 0.05)
among treatments, and levels were higher in
treatments without plants.
Mean calcium and magnesium were significantly different (P ≤ 0.05) among treatments and
control. The higher concentration of calcium
and magnesium was because of the hardness

of source water. Treatments with plants (T1,
T2, and T3) assimilated Ca and Mg in minute
quantities, and observation of this study supports the findings of Resh (2004) who reported
that at pH above 7, nutrient availability for plant
uptake may be restricted, due to precipitation of
Ca2+ , Mg2+ , Fe2+ , and Mn2+ to insoluble and
unavailable salts. Mean sodium varied significantly (P ≤ 0.05) among treatment. Sodium concentration was also high, because subsoil water
site was located close to Versova coast. Although
abundance of sodium in a natural water, spinach
plants were grown well because the spinach
is tolerant to salinity, and supports findings
(Richards 1954) that reported spinach can be
grown in high salt concentrations (130 mM),
and also Robinson et al. (1983) reported salt
stress does not result in any major reduction in
the photosynthetic potential of the spinach leaf.
Mean iron had negligible variation, and it ranged
between 0.02 and 0.053 mg/L. Mean zinc concentration was significantly different (P ≤ 0.05)
among treatments (Table 2).
Percentage Removal of Nutrients
The percentage nutrient removal at the end of
60 d was significantly different (P ≤ 0.05) among
treatments. Highest nitrate removal was in T1
(80.01%) followed by T2 (75.07%), and lowest
was in T3 (57.83%). Percentage of phosphate
removal was significantly different among treatments (P ≤ 0.05). The highest percent phosphate
was removed in T1 (53.18%), followed by T2
(48.58%), and the lowest was observed in T3
(39.14%). Endut et al. (2009) also found total
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Figure 2. Percent nutrient removal at the end of 60 d in different treatments. (Same superscript did not show any significant
difference [P > 0.05]).

phosphorus removal rates varied from 43 to 53%
in aquaponic systems. Potassium removal did
not show any significant difference among treatments (P > 0.05). Percent removal of potassium
varied from 29.99 to 30.46% (Fig. 2).
In this study, the percentage of nitrate removal
in aquaponic systems was also studied (Fig. 2).
Highest removal was observed in T1 followed
by T2 and T3. This is because stocking density chosen in T3 (2.8 kg/m3 ) was higher and in
turn there was more nutrient release as compared
to T1 and T2. Seawright et al. (1998) found
the same results of ammonia production, and
subsequent nitrification was clearly increasing
with higher stocking densities. From the above
results, 1.4 kg/m3 (T1) can efficiently fulfill the
nutrient requirements of spinach plants (28/m2 ),
and also higher density of plants may be needed
to improve nitrate removal aquaponic systems
with higher fish densities. Lennard and Leonard
(2006) reported 90.9% removal of nitrate using
gravel bed as media for lettuce production.
Ghaly et al. (2005) examined using hydroponically grown barley for removal of NO3 –N from
aquaculture wastewater, and reported NO3 –N
reductions ranging from 54.7 to 91.0%.
Percentage removal of phosphate was
observed in decreasing order in T1, T2, and
T3. Highest phosphate removal was in T1 and
T2, while the lowest removal was in T3. Lower
percentage removal of phosphate found in T3
was because of higher phosphate accumulation
in the water because of high stocking density of

fish as compared to other treatments. Similarly,
Lin et al. (2002) reported construction of a
wetlands system receiving aquaculture effluent effectively removed 32%–71% phosphate.
Ghaly et al. (2005) examined using hydroponically grown barley for removal of PO4 –P
from aquaculture wastewater and reported
91.8%–93.6% PO4 –P removal.
Potassium concentration was significantly different among the control and treatments (Fig. 2).
Percentage potassium removal was studied at the
end of the experiment, which showed potassium
removal was from 29.50 to 28.52%. Ghaly et al.
(2005) examined using hydroponically grown
barley for potassium removal from aquaculture
wastewater and reported potassium reduction
ranging from 99.6 to 99.8%. Dontje and Clanton
(1999) reported 25%–71% potassium removal
in recirculating aquaculture systems using cattails, reed canary grass, and tomatoes grown in
sand beds. Mant et al. (2003) achieved 24.9%
potassium removal using Salix viminalis grown
in a gravel hydroponic system to treat primary
settled sewage. In this study, potassium was
not supplemented from an outside source to the
aquaponic system. Ground water used for the
study contained 18.8 mg/L potassium.
Effect of Stocking Density on Growth Rate
of Koi Carp Under Aquaponic System
The body weight of the Koi Carp at harvest
among all treatments including control varied
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Table 3. Growth performance of Koi Carp under different stocking densities in different treatments and control over a
period of 60 d.1
Treatments
Variables
Stocking density

C
1.4 kg/m3
(without plant)

Fish growth variables
Initial weight (g)
Initial length (cm)
Final weight (g)
Final length (cm)
Percentage weight gain
SGR
FCR
FER
PER
Survival rate

4.22a ± 0.01
4.70a ± 0.06
6.81d ± 0.09
6.86b ± 0.12
61.20d ± 0.63
0.795d ± 0.01
2.370a ± 0.02
0.42b ± 0.01
1.31d ± 0.01
100a

T1
1.4 kg/m3
(with plant)

T2
2.1 kg/m3
(with plant)

4.24a ± 0.01
4.23a ± 0.01
4.66a ± 0.09
4.56a ± 0.01
7.03e ± 0.03
5.69c ± 0.13
6.90b ± 0.13
6.10 a ± 0.06
65.68d ± 1.28 34.56c ± 3.07
0.841d ± 0.013 0.493c ± 0.038
1.952a ± 0.29 3.909b ± 0.37
0.54b ± 0.01
0.26a ± 0.09
1.40d ± 0.02
0.81c ± 0.08
100a
100a

T3
2.8 kg/m3
(with plant)

S1
S2
2.1 kg/m3
2.8 kg/m3
(without plant) (without plant)

4.22a ± 0.01
4.24a ± 0.02
4.46a ± 0.03
4.53a ± 0.09
5.39b ± 0.06
5.50b ± 0.03
5.83a ± 0.09
6.26a ± 0.09
27.72b ± 1.19 29.62b ± 0.78
0.407b ± 0.02 0.432b ± 0.01
4.687c ± 0.25 4.416bc ± 0.11
0.21a ± 0.03
0.22a ± 0.01
0.67b ± 0.03 0.70bc ± 0.02
98.33b ± 0.33
100a

4.24a ± 0.04
4.60a ± 0.06
5.07a ± 0.02
5.93a ± 0.03
19.57a ± 0.23
0.298a ± 0.00
6.493d ± 0.06
0.15a ± 0.00
0.48a ± 0.00
98b ± 0.58

SGR, specific growth rate; FCR, feed conversion ratio; FER, feed efficiency ratio; PER, protein efficiency ratio.
1 Mean values with same superscript did not show any significant difference (P > 0.05).

significantly (P ≤ 0.05). The highest growth was
observed in T1 (7.03 ± 0.03 g) followed by C
(6.81 ± 0.01 g), while S2 (5.07 ± 0.02 g) had significantly lower growth (Table 3).
Fish stocking density is one of the sensitive
factors determining productivity of a culture
system as it affects growth rate, size variation,
and mortality. To find optimal stocking density
is one of the basic factors of aquaponic systems.
In this study, Koi Carp fingerlings stocked at
different densities (1.4, 2.1, and 2.8 kg/m3 ) had
different growth rates. Total weight gain, length
gain, percentage of weight gain, SGR, FER,
and PER were higher in T1 and C, which were
stocked at the rate of 1.4 kg/m3 followed in
decreasing order by T2, S1, T3, and S2 and
results showed increased density reduced growth
rate. Similar studies conducted by Shelton et al.
(1981) showed increasing stocking density had
a profound negative impact on the growth of
grass carp, Ctenopharyngodon idella, in small
impoundments.
Fish fed with 2% body weight in all treatments
and control. Similarly Licamele (2009) reported
5 kg of Oreochromis niloticus fed 2% biomass
per day throughout the culture period of lettuce.
Feed Conversion Ratio (FCR) varied significantly in all the treatments (P ≤ 0.05). The FCR
was better in T1 and C as compared to all other
treatments. At higher stocking densities, T3, S2

and S1, FCR were comparatively higher because
fish did not consume 2% feed given to them,
and that might be because of stress in higher
stocking densities. During the last three samplings, this was the possible reason for increased
FCR. Similarly, results in this study are supported by the findings of Bernier and Peter
(2001). Reduced food intake levels and/or disruption of the feeding behavior is a common feature of the behavioral response to stress in fish.
Declining fish growth rate and feed utilization
with increasing levels of stocking densities was
observed by Vijayan and Leatherland (1988),
while increase in FCR with increased stocking
density was reported by Imanpoor et al. (2009)
in common carp, C. carpio, and Moradyan et al.
(2012) in rainbow trout alvines, Oncorhynchus
mykiss. The FCR of T1 and C is comparable
with the results of Relic et al. (2012) who studied the aspects of welfare of common carp in
tanks under recirculating aquaculture systems by
stocking 40 fingerlings in 120 L of water.
Survival rates during the experiment were
significantly higher in treatments T1, T2, S1,
and C (100%), but T3 and S2 had 98% survival.
Similarly, high survival rates were found by
Shete et al. (2013) while studying the growth of
goldfish, Carassius auratus, at different water
circulation periods in a recirculating aquaculture
system.
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Table 4.

Growth performance of spinach in different treatments over a period of 60 d.1
Treatments

Variables
Initial height (cm)
Final height (cm)
Leaf length initial (cm)
Leaf length final (cm)
Leaf width initial (cm)
Leaf width final (cm)
Percentage height gain
Yield (kg)
1 Mean

A ( in soil)

T1

T2

T3

7.06a ± 0.09
30.86d ± 0.29
5.20b ± 0.06
17.93d ± 0.03
2.96a ± 0.15
9.50c ± 0.12
417.44c ± 5.46
1.666b ± 37.56

7.10a ± 0.058
25.50a ± 0.25
5.03a ± 0.04
14.76a + 0.06
3.10a ± 0.10
7.82a ± 0.08
327.42a ± 4.09
1.290a ± 30.55

7.03a ± 0.09
26.33b ± 0.17
4.96a ± 0.03
15.03b ± 0.09
2.83a ± 0.17
8.03a ± 0.09
332.18a ± 9.30
1.351a ± 25.21

7.02a ± 0.03
29.66c ± 0.35
5.07ab ± 0.04
17.10c ± 0.06
2.93a ± 0.23
8.90b ± 0.20
386.62b ± 5.46
1.600b ± 28.16

values with same superscript did not show any significant difference (P > 0.05).

At the end of the 60 d experiment, percentage
weight gain also varied significantly (P < 0.05).
T1 had the highest percentage of weight gain
as compared to all treatments and control.
Among the treatments and control, the highest
percentage weight gain was observed in T1
(65.68 ± 1.2%) followed by C (61.20 ± 0.63%).
Lowest weight gain was observed in S2
(19.57 ± 0.231). Fedlite and Milstein (1999)
reported common carp were extremely sensitive
to stocking density when food availability was
not a problem, but increased stocking density
reduced the space available for fish. Violating
behavior requirements for space can affect the
growth through endocrine responses or disruption to feeding efficiency (Pankhurst and Van
der Kraak 1997; Schreck et al., 1997). The SGR
of T1 (0.84 ± 0.01) and C (0.79 ± 0.01) were
significantly higher as compared to all other
treatments (P ≤ 0.05).
Plant Growth Parameters
The overall height of spinach at harvest
in all treatment groups varied significantly
(P ≤ 0.05); while, the height of spinach plant
was highest in A (30.86 ± 0.29 cm) followed
by T3 (29.66 ± 0.33 cm), T2 (26.33 ± 0.17 cm),
and T1 (25.50 ± 0.25 cm). The leaf length
of spinach at harvest in all groups was
significantly different (P ≤ 0.05) and was
highest in A (17.93 ± 0.03 cm) followed by
T3 (17.10 ± 0.05 cm), T2 (15.03 ± 0.09 cm),
and T1 (14.76 ± 0.06 cm). The leaf width
of spinach at the end of 60 d varied significantly in all the treatments and was observed

highest in A (9.50 ± 0.12 cm) followed by T3
(8.90 ± 0.20 cm), T2 (8.03 ± 0.09 cm), and T1
(7.82 ± 0.08 cm).The percent of height gain
of spinach at the end of 60 d varied significantly (P ≤ 0.05). Further, A (417.44 ± 5.46)
showed significantly higher percentage of
length gain followed by T3; whereas, T1 and
T2 did not show any significant difference.
The yield of spinach at the end of 60 d varied significantly (P ≤ 0.05). The highest yield
was observed in A (1.666 ± 37.56 kg) followed by T3 (1.600 ± 28.16 kg); whereas, T2
(1.351 ± 25.21 kg) and T1 (1.290 ± 30.55 kg)
did not show any significant difference (Table 4).
Lennard and Leonard (2006) compared three
different types of hydroponic subsystems (gravel
bed, floating raft, and Nutrient Film Technique
[NFT]) and recommended gravel bed or floating
raft hydroponic subsystem in an aquaponic system. Therefore, a gravel bed hydroponic subsystem was used in this study for growing spinach.
Growth of spinach in terms of height gain, leaf
width, and leaf length was higher in A, followed
by T3, T1, and T2. But yield did not show any
significant difference between A and T3. Watten
and Busch (1984) reported yield of tomatoes was
better in hydroponics as compared to field trial
and supplemented inorganic nutrients (N, P, K,
S, Fe, Mn, B, Zn, Cu, and Mo) in the aquaponic
system. In this study, overall growth variables
of spinach plants were highest in A (field) as
compared to aquaponic treatments, because in
the aquaponic system treatments were not supplemented with any inorganic nutrients throughout the experiment. From the results, it is clear
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overall growth variables of spinach were better
in T3 as compared to other treatments, T2 and
T1, as it had higher fish to plant ratio.
From the results, T1 had greater growth in fish
biomass when compared with treatments T2 and
T3. However, in terms of greater plant biomass
production, T3 yielded highest. Although T1
showed lower plant yield, fish reached similar
marketable size as compared to the other groups.
Thus, the stocking density T1 (1.4 kg/m3 ) was
recommended as ideal stocking density of Koi
Carp using a plant density of 28 plants/m2 . Similarly, these findings are supported by Klanian
and Adame (2013) who recommended stocking tilapia fingerlings at 0.84–1.04 kg/m3 for
recirculating aquaculture systems.
Conclusion
From this study, it is concluded 1.4 kg/m3
was considered an optimum stocking density
for the production of Koi Carp with spinach.
Water quality and nutrient removal was found
best in aquaponic treatments as compared to the
treatments without plants. Spinach plants effectively utilized the nutrients and maintained water
quality which was ideal for Koi Carp production. However, percentage of nutrient removal
was most efficient in treatment T1. This experiment suggests aquaponic systems can effectively reduce the dissolved nutrients in aquaculture production systems, but the ratio of fish density to plant density is important to maintain a
sustainable system.
Acknowledgments
This work was supported and funded by Indian
Council of Agricultural Research, New Delhi,
India. The authors are grateful to W.S. Lakra,
Director, Central Institute of Fisheries Education, Mumbai for permitting us to publish this
paper.
Literature Cited
APHA. 2005. Standards methods for the examination of
water and waste water, 21st edition. APHA, Washington, DC, USA.
Bernier, N. J. and R. E. Peter. 2001. The
hypothalamic-pituitary-internal axis and the control of

food intake in teleost fish. Comparative Biochemistry
and Physiology 129:639–644.
Dontje, J. H. and C. J. Clanton. 1999. Nutrient fate in aquacultural systems for waste water treatment. American
Society of Agricultural Engineers 42(4):1073–1085.
Ebeling, J. M., T. M. Losordo, and D. P. Delong.
1993. Engineering design and performance of a
model aquaculture recirculating system (MARS) for
secondary school aquaculture education programs.
Pages 211–220 in Proceedings of the Aquaculture
Engineering Conference. Spokane, Washington, DC,
USA.
Endut, A., A. Jusoh, N. Ali, W. N. S. Wan Nik, and A. Hassan. 2009. Effect of flow rate on water quality parameters and plant growth of water spinach (Ipomoea aquatica) in an aquaponic recirculating system. Desalination
and Water Treatment 5:19–28.
Feldlite, M. and A. Milstein. 1999. Effect of density on
survival and growth of cyprinid fish fry. Aquaculture
International 7:399–411.
Food and Agricultural Organization of the United
Nations. 2011. The state of world fisheries and aquaculture. FAO, Fisheries and Aquaculture Department,
Rome, Italy.
Ghaly, A. E., M. Kamal, and N. S. Mahmoud. 2005.
Phytoremediation of aquaculture wastewater for water
recycling and production of fish feed. Environment
International 31:1–13.
Imanpoor, M. R., A. R. Ahmadi, and M. Kordjazi. 2009.
Effects of stocking density on survival and growth
indices of common carp (Cyprinus carpio). Iranian
Scientific Fisheries Journal 18(3):1–10.
Joyner, D. 1992. Aquaculture effluent regulation: state regulatory perspective. Pages 227–231 in Proceeding of
National livestock, Poultry and Aquaculture waste management workshop, Volume 3. ASAE publications, St.
Joseph, Michigan, USA.
Klanian, M. G. and C. A. Adame. 2013. Performance
of Nile tilapia, Oreochromis niloticus, fingerlings in a
hyper-intensive recirculating aquaculture system with
low water exchange. Latin American Journal of Aquatic
Research 41(1):150–162.
Lennard, W. A. and B. V. Leonard. 2006. A comparison
of three different hydroponic sub-systems (gravel bed,
floating and nutrient film technique) in an Aquaponic
test system. Aquaculture International 14(6):539–550.
Lewis, W. M.Jr. and D. P. Morris. 1986. Toxicity of nitrite
to fish: a review. Transactions of the American Fisheries
Society 115:183–195.
Licamele, J. 2009. Biomass production and nutrient dynamics in an aquaponics system. PhD dissertation. University of Arizona, Tucson, Arizona, USA.
Lin, Y. F., S. R. Jing, D. Y. Lee, and T. W. Wang.
2002. Nutrient removal from aquaculture wastewater using constructed wetlands system. Aquaculture
209(1-4):169–184.
Mant, C., J. Peterkin, E. May, and J. Butler. 2003. A
feasibility study of a Salix viminalis gravel hydroponic

STOCKING DENSITY AND NUTRIENT RECYCLING IN AQUAPONIC SYSTEM

system to renovate primary settled wastewater. Bioresource Technology 90(1):19–25.
Moradyan, H., H. Karimi, H. A. Gandomkar, M. R.
Sahraeian, S. Ertefaat, and H. H. Sahafi. 2012. The
effect of stocking density on growth parameters and
survival rate of rainbow trout alevins (Oncorhynchus
mykiss). World Journal of Fish and Marine Sciences
4(5):480–485.
Naegel, L. C. A. 1977. Combined production of fish and
plants in recirculating water. Aquaculture 10:17–24.
Nijhof, M. and J. Bovendeur. 1990. Fixed film nitrification
characteristics in sea water recirculation fish culture
systems. Aquaculture 87(2):133–143.
Pankhurst, N. W. and G. Van der Kraak. 1997. Effects of
stress on reproduction and growth of fish. Pages 73–93
in G. K. Iwama, A. D. Pickering, J. P. Sumpter, and C. B.
Schreck, editors. Fish stress and health in aquaculture.
Cambridge University Press, Cambridge, UK.
Poxton, M. G. and S. B. Allouse. 1982. Water quality
criteria for marine fisheries. Aquacultural Engineering
1:153–191.
Quillere, I., L. Roux, D. Marie, Y. Roux, F. Gosse, and J.
F. Morotgaudry. 1995. An artificial productive ecosystem based on a fish bacteria plant association. 2. Performance. Agriculture, Ecosystems and Environment
53:19–30.
Rakocy, J. E., M.P Masser, and T.M. Losordo. 2006.
Recirculating aquaculture tank production systems:
Aquaponics – integrating fish and plant culture. SRAC
Publication, No. 454 USDA.
Relic, R., V. Poleksic, N. Lakic, M. Vucinic, M. Spasic, M.
Stankovic, and Z. Morkovic. 2012. Practical aspects
of on farm fish welfare assessment. Bulletin USAMV
series. Veterinary Medicine 69:1–2.
Resh, H. M. 2004. Hydroponic food production, 6th edition. New concept Press, Inc., Mahwah, New Jersey,
USA.
Richards, L. A., editor 1954. Diagnosis and improvement
of saline and alkali soils. USDA Agriculture Handbook
No. 60. US Department of Agriculture, Washington,
DC, USA.
Robinson, S. P., W. J. S. Downton, and J. A. Millhouse.
1983. Photosynthesis and ion content of leaves and isolated chloroplast of salt-stressed spinach. Plant Physiology 73:238–242.
Rosik-Dulewska, C. Z. and M. Grabda. 2002. Development and yield of vegetables cultivated on substrate
heated by geothermal waters part 1: bell pepper, slicing

661

cucumber, tomato. Journal of Vegetable Crop Production 8(1):133–144.
Schreck, C. B., B. L. Olla, and M. W. Davis. 1997.
Behavioral responses to stress. Pages 745–770 in G.
W. Iwama, J. Sumpter, A. D. Pickering, and C. B.
Schreck, editors. Fish stress and health in aquaculture.
Cambridge University Press, Cambridge, UK.
Seawright, D. E., R. R. Stickney, and R. B. Walker.
1998. Nutrient dynamics in integrated aquaculture –
hydroponics systems. Aquaculture 160:215–237.
Shelton, W. L., R. O. Smitherman, and G. L. Jensen. 1981.
Density related growth of grass carp, Ctenopharyngodon idella (Val.) in managed small impoundments in
Alabama. Journal of Fish Biology 18:45–51.
Shete, A. P., A. K. Verma, R. S. Tandel, Chandra
Prakash, V. K. Tiwari, and T. Hussain. 2013. Optimization of water circulation period for the culture of
goldfish with spinach in aquaponic system. Journal of
Agricultural Science 5(4):26–30.
Thein, P. C., A. Dalsgaard, B. N. Thanh, A. Olsen,
and K. D. Murrell. 2007. Prevalence of fish borne
zoonotic parasites in important cultured fish species
in the Mekong Delta, Vietnam. Parasitology Research
101:1277–1284.
Vaillant, N., F. Monnet, H. Sallanon, A. Coudret, and
A. Hitmi. 2004. Use of commercial plant species in
a hydroponic system to treat domestic wastewaters.
Journal of Environmental Quality 33:695–702.
Van Rijn, J. 1996. The potential for integrated biological treatment systems in recirculating fish culture – a
review. Aquaculture 139:181–201.
Van Rijn, J. and G. Rivera. 1990. Aerobic and anaerobic
biofiltration in an aquaculture unit-nitrite accumulation
as a result of nitrification and denitrification. Aquacultural Engineering 9:217–234.
Verhagen, F. J. M., H. J. Laanbroek, and J. W. Woldendorp. 1995. Competition for ammonium between
plant roots and nitrifying and heterotrophic bacteria
and the effects of protozoan grazing. Plant and Soil
170:241–250.
Vijayan, M. M. and J. F. Leatherland. 1988. Effect of
stocking density on the growth and stress-response
in brook charr, Salvelinus fontinalis. Aquaculture
75:159–170.
Watten, B. J. and R. L. Busch. 1984. Tropical production
of tilapia (Sarotherodon aurea) and tomatoes (Lycopersicon esculentum) in a small-scale recirculating water
system. Aquaculture 41:271–283.

