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INTRODUCTION

Aquaponics system (APS) is a modern agri-
cultural technique that provides a more sustain-
able food production system through a synergistic 
combination of recirculation aquaculture system 
(RAS) (Love et al. 2015) and hydroponic (HP) 
(Resh 2012) where the biological processes in the 
system produce nitrogen (N) in the form of nitrate 
(NO3) as the main end product (Graber and Junge 
2009; Rakocy et al. 2006; Rakocy 2012). How-
ever, integration tilapia and lettuce being as one 
of the most significant integrations in APS and 

the success of this symbiotic plays a crucial role 
in improving the sustainability of the agriculture 
production system (Ajitama et al. 2018; Jordan et 
al. 2018a; 2018b; Sreejariya et al. 2016). 

The concentrations of macronutrients such as 
N, phosphorus (P), and potassium (K) produced 
through the breakdown of fish waste in APS are 
inadequate compared to the levels of nutrients in 
HP systems (Rakocy et al. 2004). Several stud-
ies reported that the levels of nutrients in APS 
were inadequate as the ratio of the fish and plants 
was imbalanced, resulting in NO3- depletion 
(Buzby and Lin. 2014). Studies also showed that 
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ABSTRACT
This study was conducted over a period of 52 days to determine the effects of fish stocking density on the water 
quality, growth performance of tilapia and yield of butterhead lettuce cultivated in decoupled recirculation aqua-
ponic systems (DRAPS). In this study, three respective tilapia stocking densities (treatments) of 8  kg·m-3, 10  kg·m-3, 
and 12  kg·m-3 were used to evaluate the butterhead lettuce in the DRAPS, which consist of two independent loops. 
All treatments were done in triplicates. The results showed with increased stocking density, the electrical conduc-
tivity, total dissolved substances and salinity increased and dissolved oxygen decline. The results showed that the 
highest stocking density produced the highest nutrients accumulation of ammonia-nitrogen (NH3-N), ammonium 
(NH4), nitrite-nitrogen (NO2-N) and nitrate-nitrogen (NO3-N) and potassium (K) except for phosphorus (P). Nev-
ertheless, based on the conversion of fish feed to NO3-N and P per kilogram of feeds, the lowest stocking density 
provided the highest concentration of NO3-N and P. It was documented that DRAPS relied solely on the fish waste 
produced an insufficient concentration of N, P, K and iron. The average survival rate of tilapia in all treatments was 
above 94% and was not a significant difference among the treatments. 

Keywords: Decoupled aquaponics systems, stocking density, tilapia, butterhead lettuce (Lactuca sativa). 
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an imbalance ratio of fish and plants might lead 
to the accumulation of NO3- (Liang and Chien 
2013). Therefore, stocking density should be op-
timal to maintain suitable water quality for fish 
and plant growth as well as the proper functioning 
of the system. 

There were a few studies reported the inte-
gration of tilapia and lettuce in the DRAPS (De-
laide et al. 2016). In 2015, a German professor, 
Kloas, conducted the first study on the integra-
tion of tomato and tilapia in DRAPS using the 
nutrient film technique (NFT) HP unit. Then, a 
few other studies were conducted to evaluate the 
efficiency of DRAPS by integrating tilapia and 
tomatoes (Karimanzira et al. 2016), or African 
catfish and tomato (Suhl et al. 2018a), tilapia 
and lettuce (Monsees et al. 2019), tilapia and cu-
cumber (Blanchard et al. 2020). However, Suhl 
et al. (2016) reported that the fish to plant ra-
tio and the production of the nutrients were not 
optimized to integrate different species of both 
fish and plants in DRAPS. To date, there were 
limited studies on DRAPS (Monsees et al. 2019; 
Suhl et al. 2018b) and no study on the effects of 
fish stocking density on the lettuce growth and 
production. Nevertheless, according to previous 
studies, different plants and fishes will have a 
different optimal ratio and are highly dependent 
on factors such as fish stocking density, APS 
type, plant species, planting density, type of HP 
or soilless culture production system, water flow 
rate, and external factors such as light, air, water 
temperature, and pH. However, the data gener-
ated in this study can be used to estimate the op-
timal fish ratio to obtain an adequate range of N 
level for high growth of lettuce and to further 
support the importance of DRAPS as the new 
sustainable agriculture production system. The 
data is also important for the generation of the 
baseline data on the applicability of DRAPS in 
tropical regions as a small-scale production in 
order to improve food security, reduce poverty, 
and maximize the availability of fish and plants 
to the economy of the country. 

There were two objectives in this study: (I) 
to determine the ideal stocking density of tila-
pia (Oreochromis niloticus) and its effects on the 
water quality, growth performance of fish, and 
yield of lettuce (Lactuca sativa) in the DRAPS 
with non-controlled conditions and without the 
addition of inorganic fertilizers and (II) to de-
termine the composition of nutrients, which 

produced through the biological processes (fish 
metabolism) under the non-controlled condition, 
in the solution. 

MATERIALS AND METHODS

The setting of DRAPS

This study was conducted in a shelter at 
Ladang 15, Faculty of Agriculture, UPM Ser-
dang, Selangor, Malaysia (longitude 101° 44’ N 
and latitude 2° 58’S, 68 m above sea level). The 
total area involved was 85 m2

. This study was car-
ried out under the tropical temperature range be-
tween 26°C and 37°C. The DRAPS used in this 
study was adapted from the system developed by 
Kloas et al. (2015), which is composed of two 
loops, with slight modification done to the sys-
tem, as illustrated in Figure 1.

Water circulation in DRAPS 

The setting of the first loop was adapted from 
Rakocy (2007). The water circulation in the first 
loop started from a single 350 L fish tank and 
was then connected to a 45 L mechanical filter-
ing tank to remove solid particles and minimize 
floating debris as much as possible so that the 
aggregate formation would not impact the yield 
of the fish and plants in the system. After the me-
chanical filtering stage, the filtered water flowed 
to a 45 L biofilter tank, which contained bio balls 
and bio rings filter materials for the biological 
processes (nitrification) to take place. From the 
biofilter tank, the water was then connected to 
a 300 L sump tank for the collection of nitrified 
water and to complete the first loop. The total 
volume for the first loop was 740 L with a flow 
rate of 9.2 m3·day-1 or 6.4 L·min-1 (Endut et al. 
2010), which enabled the water retention time of 
50 minutes in the fish tank. The second loop of 
the DRAPS used in this study was based on the 
setup design by Kloas et al. (2015). It received 
the nutrient solution from the first loop and was 
then connecting the nutrient solution to an ad-
ditional reservoir with a one-way-valve, which 
made the water in the DRAPS recirculated in-
dependently in one direction from the first loop 
to the HP unit in the second loop. The additional 
300 L tank or reservoir was connected to an NFT 
HP. The flow rate of the circulation in the second 
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loop was between one to two liters per minute 
(Resh 2013). The total volume of water in the 
first and second loops of the DRAPS was main-
tained at 1040 L. There was no water discharge 
during the experimental period except for the 
water lost through evaporation, transpiration, 
and sludge removal at less than 5% under tropi-
cal conditions.

Plant and fish materials 

The butterhead lettuce (Lactuca sativa) 
seeds were obtained from a company known 
as (Green World Genetics). The lettuce seeds 
were sown and grown in a seed tray for 14 days 
before the transplantation to match the size of 
seedlings at the time of planting. The seeds 
were watered daily until it starts to germinate. 
After two weeks, the germinated lettuces were 
then transferred to the HP cups. The seedlings 
from the third to fourth true-leaf stages (14 days 
old) were shifted to the NFT HP with a plant-
ing density of 32 plants m-2 and with a spac-
ing of 15×15 cm2. No external factors such as 
the usage of fertilizers were introduced to the 
DRAPS, both air and water temperature were 
also not controlled in the study. The red tilapia 
(Oreochromis niloticus) used in this study were 
obtained from the aquaculture farm in UPM in 

Puchong, where the tilapia were grown in a con-
ventional aquaculture system. All the red tila-
pia with an initial average weight of 125 ± 20 g 
were stocked simultaneously in all nine of the 
DRAPS. The daily feeding rate for each stock-
ing density of tilapia in the DRAPS was 2% of 
the bodyweight of tilapia. The feed type was a 
commercial floating pellet with a size of 3.2 mm 
from Dindings Company. The proximate nutri-
ent composition of the fish feed was 32% pro-
tein, 5% fat, 10% ash, 5% fiber, and 10% mois-
ture content. The fish were fed twice a day man-
ually for 30 minutes at 9.00 and 5.00 pm.

Experimental design set up and treatments

The period for completing this study was 
52 days, starting from April 6, 2019, until May 
16, 2019. However, including the time taken for 
the establishment of the study site and system set 
up for this study, the total period for the comple-
tion of this study was 120 days. The completely 
Randomized Complete Block Design (RCBD) 
with three replicates was used in this study. The 
stocking densities were determined based on 
the minimum density required to provide suffi-
cient N for the growth of butterhead lettuce in 
a small-scale APS. A total of nine independent 
DRAPS, which consisted of three fish stocking 

Figure 1. A schematic illustration of NFT of original DRAPS was used in Universiti Putra Malaysia. (AP) Air 
pump, (FT) fish tank, (MF) mechanical filter, (BF) biological filter, (ST1) sump tank 1, (WP) water pump, (MF2) 

mechanical filter 2. The second loop is composed; (NFT) hydroponics unit (NFT trials), (ST2) sump tank 2, 
(WP) water pump
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densities, were set up, with three replicates for 
each fish stocking density. The stocking densi-
ties (treatments) of 12  kg·m-3, 10  kg·m-3, and 
8  kg·m-3 were used in this study and assigned 
as T1, T2, and T3. The stock densities per 350 L 
fish tank were 4.2 kg·tank-1, 3.5 kg·tank-1, and 
2.8 kg·tank-1, respectively. Each stocking density 
had three replicates and each replicate was con-
nected to an HP unit. This gave a total of nine 
HP units and each HP unit have three troughs 
of NFT. The experiment was conducted under 
a 12-h light (07.00–17.00 h)/12-h dark (17.00–
07.00 h) natural light cycle

Measurement of water quality paraments 

Various parameters were measured and re-
corded on a daily and weekly basis as an indica-
tion of the water quality. The dissolved oxygen 
(DO; mg·L−1), oxygen saturation (%), tempera-
ture (T; °C), pH, electric conductivity (EC; mS 
cm−1), total dissolved solids (TDS; g L-1), and 
salinity (S; ppt) of the water in the fish tanks and 
HP units were measured daily using a YSI 556 
Multiparameter meter (YSI Inc. USA) before 
feeding the fish at 9 am and 4 pm. The aquarium 
thermostat heaters did not use for controlling the 
T of the fish tanks and HP units. The pH and EC 
in both the fish tanks and HP units were also not 
controlled throughout the study. Therefore, the 
concentrations of ammonia-nitrogen (NH3-N) 
(Silva et al. 2017), ammonium (NH4) (Geisen-
hoff et al. 2016) nitrate-nitrogen (NO2-N) (Em-
erson et al. 1975) in each of the fish tanks were 
frequently measured (in terms of mg L-1). In ad-
dition, parameters such as nitrate-nitrogen (NO3-
N), orthophosphate (PO4-P), potassium (K), 
iron (Fe), calcium (Ca), and alkalinity (CaCO3 
mg L-1) were analyzed at the beginning and the 
end of the study using a multiparameter spec-
trophotometer (HI 83200, HANNA instruments, 
Woonsocket, RI, USA).

Growth and yield measurements of lettuce

Fresh yields of the lettuce were measured at 
the harvest stage. The lettuce samples were di-
vided into leaf, stem and root and weighted by 
using a ME analytical Weighing Balance (Met-
tler Toledo Inc.). The number of leaves was de-
termined by counting the total number of leaves 
per plant at the harvest stage. Total leaf area was 

measured using a leaf area meter (Li-Cor LI-
3100C) at the harvest stage. The leaves were cut 
off from the stem and entered to leaf area meter 
and the reading showed on the screen recorded 
in square centimeters cm2.

Growth and yield characteristics of tilapia

The health condition and mortality rate of 
the tilapia were monitored twice a day, which 
were in the morning and evening. The data of 
this study were categorized into two categories. 
The first category was the initial measurements 
that were recorded at the beginning of the study, 
and this included the initial stocking densities 
(kg·m-3). The second category of data was re-
corded at the end of this study, which included 
the final stocking density (kg·m-3), weight gain 
(WG; %), fish increment (%), feed conversion 
ratio (FCR), and survival rate (SR; %). The ti-
lapia from all nine of the treatment tanks were 
weighted in order to compare the growth rate 
and yield of the tilapia. Furthermore, the growth 
performances of the tilapia and the feed utiliza-
tion were calculated as described by Sveier et al. 
(2000) and Jimoh et al. (2019) using the follow-
ing formulas. 

The WG was estimated using the following 
formula.

WG =  (1)

The FCR was calculated using the following 
formula.

FCR =  (2)

The SR was calculated with the following 
formula.

SR (%) =  (3)

Statistical analysis

The RCBD with three replicates was used in 
this study. The data were analyzed using analysis 
of variance (ANOVA) in the Statistical Analysis 
System (SAS), version 9.4 (SAS Institute Inc., 
Cary, NC, USA). The means were compared us-
ing the least significant difference (LSD) test with 
a significance level of 0.05.
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RESULTS 

Physical water parameters of fish tank

The physical water parameters such as water 
T, pH, DO, EC, TDS and salinity in all the treat-
ment tanks are presented in Table 1. There was no 
significant difference in the T and pH among all 
the treatment tanks (p>0.05). However, there was 
a significant difference (p<0.05) in the DO among 
the treatments, with the lowest mean of DO ob-
served in T1, which had the highest stocking den-
sity (Table 1). The EC was also significantly dif-
ferent among the treatments (p<0.05), with mean 
values of 0.367 ms·cm-1, 0.362 ms·cm-1, and 
0.326 ms·cm-1 for T1, T2, and T3, respectively. 
Moreover, the TDS was significantly higher in T1 
and T2, as compared to that of T3 (Table 1). Fi-
nally, the average salinity of the water was also 
significantly higher in T1 and T2 as compared to 
that of T3, which were 0.166 ppt, 163 ppt, and 
0.146 ppt, respectively. It has been documented 
that with increased stocking density, the EC, TDS 
and salinity increased and DO decrease.

Values reported are mean for three replica-
tions. Mean values±(SD) with a different letter in 
the same row are significantly different (p<0.05).

Chemical water parameters of fish tanks

Chemical water parameters were monitored 
and recorded in Table 2. The mean ± standard 
deviation (SD) values for the N compounds such 
as (NH3-N), (NH4

+), (NO2-N), and NO3-N, PO4-
P, K, Ca, and Fe that were measured throughout 
the study are presented in Table 2. The differ-
ences in the concentrations of NH3-N, NH4

+, and 
NO2-N were insignificant (p>0.05) among the 
treatments, but the concentrations increased in 
higher stocking density. However, the difference 
in NO3-N concentration was significant (p<0.05) 
between all three treatments. T1 had the highest 
concentration of NO3-N, whereas T3 had the low-
est concentration of NO3-N (Table 2). The per-
centage of nutrient reduction (NH3-N, NH4

+ and 
NO2-N) in the stocking density treatments were 
relatively decreased when increasing stocking 
density. The concentrations of PO4-P, Ca, and Fe 
were not significantly different among all three 
treatments, except for K+ (p<0.05). In addition, 
The Ca and the alkalinity values were not signifi-
cantly different among all the treatments (p>0.05) 
(Table 2). Finally, it has been observed that the 
concentration NH3-N, NH4

+, NO2-N and NO3-N 

Table 1: Physical water parameters of tilapia tanks in response to different stocking densities in DRAPS 
conditions during the study period

Physical water parameters
Treatments

T1 T2 T3
T (°C) 28.39± 1.38a 28.10± 1.48a 28.36± 1.45a

pH 6.89± 0.20a 6.92± 0.17a 6.90± 0.20a
DO (mg L-1) 4.44 ± 0.79b 4.78± 0.71a 4.76± 0.72a

EC (ms cm-1) 0.368± 0.073a 0.362± 0.066a 0.326± 0.049b

TDS (g L-1) 0.229± 0.046a 0.227± 0.050a 0.203± 0.035b

Salinity(ppt) 0.166± 0.035a 0.163± 0.031a 0.146± 0.026b

Table 2: Chemical water parameters of tilapia tanks in response to different stocking densities in DRAPS 
conditions during the study period

Chemical water parameters
Treatments

T1 T2 T3
NH3-N (mg L-1) 2.09± 2.02a 1.32± 1.02ab 0.99± 0.73b
NH4 (mg L-1) 2.58±2.47a 1.58±1.17ab 1.24±0.87b

NO2-N (mg L-1) 1.80± 3.80a 1.53± 3.22a 1.40± 2.92a
NO3-N (mg L-1) 36.7± 3.70 a 30.77 ± 2.2b 26.13± 0.25b
PO4-P (mg L-1) 15.53± 3.07a 15.83± 2.25a 19.13± 7.14a

K (mg L-1) 22.06± 3.43a 22.66± 1.52a 13.81± 2.16b
Ca (mg L-1) 107±16a 109± 21.28a 98.67± 45.08a
Fe (mg L-1) 0.10± 0.047a 0.08± 0.03a 0.10± 0.020a

Alkalinity (CaCO3 mg L-1) 59±. 36.5a 37.33± 1.52a 63.67± 16.50a
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and K increased with increased stocking density, 
while P decreased. 

Values reported are mean for three replica-
tions. Mean values±(SD) with a different letter in 
the same row are significantly different(p<0.05).

Physical water parameters of hydroponic 
units

Table 3  reports the descriptive statistics of 
water quality parameters for HP units in different 
treatments. In this study, the T in the morning and 
evening, pH, DO, TDS and salinity varied within 
a small range and were insignificantly different 
(P>0.05) among the treatments. 

Values reported are mean for three replica-
tions. Mean values±(SD) with a different letter in 
the same row are significantly different(p<0.05).

Lettuce growth performance

Table 4 shows the potential of using the nu-
trient solution from the fish tank to support the 
growth and production of lettuce. The results 
showed significant differences (p<0.05) in the 
shoot fresh weight and root fresh weight except 
for the number of leaves and leaf area. The shoot 
fresh weight at T1 and T2 were significantly de-
creased by 23.3% than T2. In contrast, the root 
fresh weight at T1 and T2 were significantly re-
duced by 77.2% and 72.7% than T3. 

Values reported are mean for three replica-
tions. Mean values±(SD) with a different letter in 
the same row are significantly different(p<0.05).

Fish growth performance

The growth performances of tilapia are 
shown in Table 5. The results of the statistical 
analysis using one-way ANOVA showed that the 
differences in the final weight, weight gain and 
feed conversion ratio of tilapia among the stock-
ing density treatments were significant (p<0.05). 
The mean of the final biomass of tilapia in T1 
was higher than that in T2 and T3, respectively 
(Table 5). The highest weight gain was found in 
T1, whereas the lowest was found in T3. The re-
sults also showed that lower FCR were obtained 
from T3 and T2, respectively. There is no signifi-
cant difference (P>0.05) in the SR of tilapia was 
observed among all the treatments. 

Values reported are mean for three replica-
tions. Mean values±(SD) with a different letter in 
the same row are significantly different(p<0.05).

The amount of nitrate per 1,000 g of feeds is 
shown in Figure 2. The results showed that a higher 
NO3-N concentration per 1,000 g of feeds, which 
was 9.12 mg·L-1, was obtained from T3, followed 
by 8.45 mg·L-1 and 8.40 mg·L-1 from T2 and T1, 
respectively. Also, the results showed that a higher 
P concentration was 2.13 mg·L-1, was obtained 
from T3, followed by 1.41 mg·L-1 and 1.15 mg·L-1 
from T2 and T1. The overall view of Figure 6, that 
low stocking density yields higher NO3-N and P. 

Table 3: Physical water quality parameters in the hydroponic tank in response to different stocking densities in 
DRAPS conditions

Parameters
Treatments

T1 T2 T3

T (°C) morning 28.06± 0.98a 28.01± 0.86a 28.10± 0.92a
T (°C) evening 31.69± 0.97a 31.80±1.03a 31.76±0.87a

pH 7.28± 0.42a 7.28± 0.42a 7.29± 0.40a
EC (ms cm-1) 0.337± 0.05a 0.345± 0.08a 0.331± 0.06a
TDS (g L-1) 0.209± 0.03a 0.214± 0.05a 0.201± 0.04a
Salinity(ppt) 0.15± 0.02a 0.15± 0.04a 0.14± 0.03a

Table 4: Growth and yield of lettuce in response to different tilapia stocking densities in DRAPS conditions

Growth and yield parameters
Treatments

T1 T2 T3
Shoot fresh weight (g plant-1) 10.73± 1.63b 9.46± 0.466b 14.00± 1.00a
Root fresh weight (g plant-1) 0.40± 0.10 b 0.48± 0.15b 1.76± 0.26 a

Number of leaves (number plant-1) 22± 2.00a 18.34± 1.15a 21.67± 3.21a

Leaf area (cm2 plant-1) 180.72±33.50a 162.42±42.99a 212.69±67.05a
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DISCUSSION

Water quality parameters of the fish tank are 
crucial in APS as they will directly affect the 
growth, weight gain of the fish (Harmon 2009). In 
this study, the physical water quality parameters 
of the tanks, which were T, pH, DO, EC, TDS, 
and salinity, in all treatments fell within the rec-
ommended limits. In this study, the T was within 
the recommended range for tilapia between 27°C 
and 30°C (El-Sayed 2006; Delong et al., 2009). 
Besides T, pH is also one of the most critical fac-
tors for the survival of the components in APS, 
which includes fish, microbes, and plants. Ross 
(2000) and Delong et al. (2009) and reported that 
the optimum pH for tilapia growth was between 
6.0 and 9.0. With reference to that, the pH of the 
rearing tanks in this study fell within the range of 
6.0 to 7.0, which was similar to the findings of that 
in Rakocy et al. (2006). Optimizing and maintain-
ing the pH within the range of 6.0 to 7.0 can keep 
the ammonia in the form of NH4

+, thus lowering 
the toxicity level caused by the NH3. In APS, it 
is crucial to optimize the T and pH as both pa-
rameters correlate strongly to NH3 concentration. 
The pH of the water is not only a requirement for 
fish growth but also to ensure the availability of 
nutrients and allow optimum nutrient absorption 
by plants for effective plant growth and develop-
ment in soilless culture systems. However, the 
pH levels in this study were higher than the opti-
mum level for plant growth and development, as 

recommended by Resh (2012), which is between 
5.5 and 6.5. The mean values of the water T in 
this study for both time intervals were higher than 
the recommended range for lettuce plant, that is, 
20°C to 26°C (Resh 2012). Other than T and pH, 
DO is also one of the most critical environmental 
factors linked to the proper physiological func-
tions of tilapia and is a limiting factor for the 
lifespan of fish (Zhao et al., 2018; Li et al., 2018). 
In this study, it was observed that higher stocking 
density had a lower DO level. This observation 
is congruent with the findings of Mahfouz et al. 
(2015) and Zaki et al. (2020). The mean values 
of the DO obtained from this study were within 
the recommended range by Eding et al. (2009), 
which is between 4.0 mg L-1 and 6.0 mg L-1. 

The chemical composition of the nutrient 
solution in the fish tanks was composed of dis-
solved ions and organic substances produced 
from the biological processes of nitrifying bacte-
ria. In this study, it was observed that the concen-
trations of NH3-N, NH4, NO2-N, NO3-N, and K 
increased in higher stocking density except for P. 
According to Durborow et al. (1997), Hargreaves 
and Tucker (2004), Zaki et al. (2020), and Cap-
kin et al. (2010), the accumulation of feces and 
N in the form of NH3  and NO2 will negatively 
affect the water quality. The TAN concentra-
tion for T2 and T3 was within the recommended 
value by Timmons et al. (2002), which is below 
3.0 mg·L-1

, whereas that of T1 exceeded the rec-
ommended value. During the first week of the 

Figure 2. The concentration of nitrate and phosphorus per 1000g feeding under three stocking density

Table 5: Growth and yield of tilapia reared for 52 days at different stocking densities under the DRAPS condition

Fish yield Parameters
Treatments

T1 T2 T3
Initial biomass (kg) 4.2 3.5 2.8
Final biomass (kg) 7.633±51.61a 6.565±54.08b 5.357±81.66c

WG (kg) 3.433± 51.60 a 3.065± 54.08b 2.557± 81.63 c
FCR 1.27± 0.02 a 1.18±0.02 b 1.14±0.03 b

SR (%) 94.81±1.50 a 95.48±1.51 a 97.05±2.61a



15

Journal of Ecological Engineering  Vol. 22(1), 2021

study period, the NO2-N concentration increased 
with the stocking density, and it was higher than 
that of the recommended value by Timmons et al. 
(2002), which is below 1.0 mg·L-1. Additionally, 
DeLong et al. (2009) found out that the optimal 
NO2-N lower than 5 mg·L-1. In DRPAS, NO3-N 
is also one of the most critical end products from 
the nitrification process. The NO3-N level in this 
study did not meet the optimum level of NO3-N 
for the growth of lettuce in HP recommended 
by Resh (2012), which is 165.0 mg·L-1, but fell 
within the range of 26.3 mg·L-1 to 42.0 mg·L-1, 
which was the recommended range for APS by 
Rakocy et al. (2006). Also, the concentrations 
of P and K in this study did not fell within the 
recommended range for optimum lettuce growth 
by Resh (2012). However, studies by Adler et al. 
(1996), Seawright et al. (1998), and Graber and 
Junge (2009) reported that APS, which relies 
solely on fish waste as the source of nutrients 
for plants, had a lower concentration of P and K. 
Hence, the inorganic P and K supplies in differ-
ent types of APS become the main factor for op-
timum growth and development, resulting in the 
improvement of quality and quantity of plants. 
Furthermore, it was observed that the Fe produc-
tion from the nitrification process was minimal. 
This phenomenon was supported by Adler et al. 
(1996), Rakocy et al. (2006), Graber and Junge 
(2009), Roosta and Hamidpour (2011), and Nozzi 
et al. (2018), who reported that Fe was one of the 
most limited micronutrients that were produced 
from the fish waste in APS. As such, throughout 
the entire period of this study, the effects of Fe 
deficiency, such as suppressed growth and leaf 
chlorosis, were observed. This condition was fur-
ther explained by Briat (2007), which reported 
that Fe deficiency affected both of the plant’s 
physiology and morphology by suppressing the 
growth of leaves, causing leaf chlorosis, and loss 
of turgidity. Kosegarten and Koyro (2001) also 
reported that Fe deficiency inhibited the forma-
tion of new leaves. In this study, the plant roots 
did not have any significant role in the removal 
of nutrients such as NH3-N, NH4

+, and NO2-N, 
which were toxic to the fish, from the first loop of 
the DRAPS because the plants were located in the 
second loop. Instead, the mechanical and biofilter 
tanks installed in the first loop played a major role 
in removing the toxic nutrients. Moreover, in con-
trast to SRAPS, the plant roots provided a surface 
area for the nitrifying bacteria to oxidize the toxic 
ammonia to nitrates. Fully developed roots have 

larger surface areas that can provide more space 
for the inhabitation of nitrifying bacteria. This 
catalyzes the nitrification process, which signifi-
cantly lowered the concentration of NH3-N, NH4

+, 
and NO2-N by converting them to soluble nitrates 
(Estim et al., 2018). Furthermore,  Trang  and 
Brix (2012) stated that (Canna glauca L.) can be 
used as a biofilter for removing NH4-N from the 
nitrification-denitrification process. Besides that, 
Moya  et al. (2016) also suggested some herbs 
such  as basil, peppermint, and spearmint as the 
biofilter in SRAPS. The results from these previ-
ous studies indicated that nitrifying bacteria were 
associated with the root surface area of the plants, 
and this maintained the water quality in SRAPS 
(Knaus and Palm 2017).  While in DRAPS, the 
only advantage of having a larger root surface 
area is to increase the nutrients absorption rate of 
the lettuce.

In this study, three different stocking densities 
of tilapia were tested in order to observe its effects 
on lettuce growth in small-scale production. The 
main difference among the stocking densities was 
the concentrations of nutrients produced, which 
in turn, affected the growth and development of 
the lettuce. According to Pérez-Urrestarazu et 
al. (2019), the productivity of APS is highly de-
pendent on the type of lettuce and environmental 
conditions. In this study, the air and water T, EC, 
and pH were not controlled and there were no ex-
ternal inorganic nutrients supplied to the HP units. 
In terms of lettuce yield in all the treatments, the 
observed shoot fresh weight, number of leaves, 
root fresh weight and leaf area were lower than 
the values reported in the studies conducted by 
Licamele (2009), Schmautz et al. (2017), Nozzi et 
al. (2018), and Madar et al. (2019). Being nitrate 
has a crucial role in determining the effectiveness 
of a DRAPS and determining the optimal growth 
of leafy plants such as lettuce. The high planting 
density of 32 plant·m-2 together with the low ni-
trate level in all the treatments, has contributed 
to the poor growth performances of the lettuce. 
Rakocy et al. (2006) recommended the range 
from 26.3 mg·L-1 to 42.0 mg·L-1 as the optimum 
nitrate level for the healthy growth of leafy plants 
in APS. Regarding that, the nitrate levels in this 
study were between 26.13 mg·L-1 and 36.7 mg·L-

1, which fell within the recommended range. De-
spite that, the lettuce still ceased to grow. This can 
be explained by using the results of other water 
quality parameters such as T and pH, which were 
not in the optimal range. The elevated T and pH 
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may have contributed to the stunted growth of the 
lettuce by decreasing the absorption of the nutri-
ents. During the period of vegetative growth in 
this study, the Fe deficiency symptoms (chlorosis 
and suppressed growth) began to be visible on the 
new lettuce leaves in all the NFT units. Accord-
ing to Jones et al. (2005), the nutrient require-
ments for leafy plants such as lettuce increases 
with time during vegetative growth. However, the 
concentrations of the nutrients (N, P, K, Mg, Ca, 
and Fe) that were produced in the first loop were 
extremely low and in turn, stunted the growth of 
lettuce. Regarding this, Rakocy et al. (2007) also 
stated that low yield in APS might be associated 
with low K, P, Fe, and Mn concentrations in the 
nutrient solution. Nozzi et al. (2018) also reported 
that P deficiency in APS led to low nitrogen up-
take by lettuce. One of the main limitations when 
comparing the yields of lettuce in APS is that the 
background data, such as the lettuce type, seed-
ling age, planting density, and growth period, are 
not available. Besides, optimization of physical 
water quality like T and pH to ensure nutrients 
availability in APS is a complex process.

The stocking density of tilapia is one of the 
most significant factors that have direct impacts 
on the weight gain, behavior and yield in APS. 
The  tilapia were gaining more weight in higher 
stocking density. While, the FCR values ranged 
between 1.14 and 1.27, which were similar to the 
productive recirculating aquaculture performance 
with an FCR value of 1.25 reported by El-Sayed 
(2006) and  Timmons and Ebeling (2013). Be-
sides, the FCR values in this study were lower 
and more preferable than those reported by Rako-
cy et al. (2006), which were between 1.70 to 1.80. 
The SR of tilapia was higher in lower stocking 
density, which was within the normal range for 
tilapia as reported by El-Sayed (2006). 

CONCLUSION

The results showed that the stocking den-
sity of fish had impacted the tilapia growth, wa-
ter quality and production of lettuce. The lowest 
stocking density of gave the highest yield of let-
tuce. The uncontrolled temperature and pH, along 
with the low nitrogen, phosphorus, potassium and 
iron concentrations, were the major reasons for 
the low growth and yield of lettuce. This study ap-
proves the importance of supplementing inorgan-
ic nutrients and optimizing the pH in decoupled 

recirculation aquaponic systems. This study vali-
dated that decoupled recirculation aquaponic sys-
tems that relied solely on fish waste have a low 
concentration of elements such as nitrate, phos-
phorus, potassium and iron to supply nutrients for 
plants in contrast to hydroponics. The total fish 
biomass yield and weight gain, feed conversion 
ratio increased in higher stocking density. Finally, 
considering the specific decoupled recirculation 
aquaponic systems design used in this study, the 
lettuce roots did not play any role in removing 
ammonia, ammonium, and nitrite, but only for 
nutrients uptake.
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