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ASSESSMENT OF LETTUCE (Lactuca sativa) GROWTH AND YIELD IN TWO 
DIFFERENT AQUAPONIE SYSTEMS

U. K. Fatema* and M. A. Hossain 

Abstract

In different types of aquaponic system, the choice of proper planting scheme provides 
sustainable and vigorous food production. An experiment was conducted for a period of 
60 days to evaluate raft system (T1) and bricklets medium (T2) in recirculatory aquaponic 
system to grow lettuce (Lactuca sativa). Each treatment was replicated thrice. In this 
study, climbing perch (Anabas testudineus) was used as experimental fish measuring 
average 8.47±1.26 cm and 12.35±3.79 g in both treatments as length and weight 
initially. Commercial floating pellet feed was fed to the fish up to satiation twice a 
day. Bricklets medium (T2) resulted higher number of plant leaves (25.27), plant height 
(25.37 cm) and leaf area (89.16 cm2) as compared to raft system (T1) where number 
of plant leaves (22.40), plant height (19.98 cm) and leaf area (72.80 cm2) were found. 
Moreover, higher lettuce production (kg/m2) was found in T2 (1.60) than T1 (1.18). The 
findings of the study indicated that in recirculatory aquaponic system, bricklets medium 
is more potential for growth of lettuce compared to raft system.
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Aquaculture is being intensified in Bangladesh 
hence, creating environmental problems. 
Aquaculture operation solely depends on 
ground water which depleting the water level 
day by day. Agriculture and aquaculture 
sustainability that require water can only 
be succeeded through proper management 
practices (Postel, 2000). In this situation we 
need such an environmental friendly and 
sustainable technology for food production 
which can handle current problems efficiently. 
Aquaponics is that type of technology which 
can produce relatively safe food (fish and 
vegetables) with reduced environmental 
hazards (Salam et al., 2013; Fatema et al., 
2017). In the system, fish wastes provide 
nutrients to plants and recycled water return 

to fish tank. Aquaponic systems have been 
designed to mitigate aquacultural fish waste 
product by converting it to nutrient rich 
effluent to produce healthy food (Lam et al., 
2015). Lettuce is considered to be one of the 
healthiest green leafy vegetables. 

On the other hand, climbing perch is one of 
the most popular fish used in aquaponics, 
because this fish is well adapted to aquaponic 
set up. They have good taste, growth, nutrients 
value and a high market price (Alam et al., 
2006). The use of less water than conventional 
agriculture provides an option for nutrient 
recycling and reuse in aquaponic system 
(Fragozo et al., 2015). There are mainly 
three types of aquaponics system practiced 
in the world, such as media based which is 
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the simplest type. In this type, small rocks, 
clay pebbles, gravels and bricklets are used 
as plants growing medium. Another type is 
nutrient film technique (NFT) that is usually 
set up in a separate tank through which 
the water passes before going through the 
plant pipes. Latter type is raft system which 
involves the use of foam that floats on top 
of the water. A container is used to hold the 
water as it is pumped through from the fish 
tank, better suited to growing herbs and leafy 
green vegetables varieties. The present study 
was conducted to evaluate raft system and 
bricklets medium in re-circulatory aquaponics 
system to grow lancet.

Two different treatments in triplicates as raft 
system (T1) and bricklets medium bed (T2) 
were used in the experiment to assess the 
growth of lettuce in aquaponics system. Three 
trays of each of the treatments attached with 
a fish holding tank. Locally purchased two 
300 L fish tanks were prepared before starting 
the experiment. Preparation of tank included 
cutting of upper end, washing, plumbing 
pipes, and setting bricklets and filled up the 
tank with water. The pipes were set to make 
an inlet and outlet. One air pump with two 
air stones was set to maintain proper dissolve 
oxygen in each of the fish tank. The tank was 
then filled with bricklets of 2-5 cm diameter 
up to six inches at the bottom of the tank. 
Before placing the bricklets they were washed 
with clean water and finally the tank was 
filled with underground water. Lettuce was 
grown in trays made of galvanized iron (GI) 
sheets. The rectangular size trays were of 
30 L capacity. In T1, vegetable trays were 
covered by styrofoam sheet with five holes 
of 2.5 inches diameter each so that there was 
six inches between each hole and both ways. 

Then each of the holes was attached with thin 
bottom cut plastic pot filled with coconut coir 
which was used to support the lettuce plant in 
raft system. The trays were filled with 20 L 
of water as a growing medium. On the other 
hand in T2, the vegetable trays were filled 
with bricklets up to 2/3rd from the bottom. 
Here PVC plastic made bell siphon was 
attached at the middle of the trays towards 
the fish tank. Healthy, diseased free and good 
quality climbing perch were collected from 
the previously stocked fish tank and used 
as experimental fish. A total of 50 fish were 
released in each of the tank after taking their 
initial length and weight. Fresh grown lettuce 
saplings were collected from local nursery, 
and then transplanted to vegetable trays. Each 
of the vegetable trays contained five lettuce 
saplings. So that total six vegetable trays 
hold thirty lettuces (each contains five lettuce 
saplings) from which first fifteen lettuces were 
allowed to grow in raft system and another 
fifteen lettuces in bricklets medium. Fish was 
fed with commercially available pellet feed 
containing 30% protein.  The fish was fed up 
to satiation level twice daily (9 am and 5 pm) 
for six days in a week. The water supply pipe 
was cleaned regularly to avoid congestion with 
algae and microbes. Length and weight of 10 
fish from each tank were sampled randomly to 
monitor the growth performance fortnightly. 
Growth of fish in length (cm) and weight (g) 
was measured and the following parameters 
were used to evaluate fish growth. At the end 
of the rearing period, all fish in a tank was 
counted for survival rate and total production. 
The lettuce sampling was carried out after 
one month of growing period. Lettuce growth 
was monitored on the basis of number of leaf, 
plant height (cm), leaf area (cm2), and fresh 



M. A. Hossain and U. K. Fatema 121

vegetable production (kg/m2). The physico-
chemical parameters of fish tank water were 
measured to consider the water quality before 
arriving to vegetables grow bed (influent) and 
returning to fish tank (effluent). Dissolved 
oxygen (DO), temperature and pH were 
measured every 15 days interval using HQ 
40D Portable Multi Meter and total ammonia 
nitrogen (NH3-N), nitrite nitrogen (NO2-N), 
nitrate nitrogen (NO3-N) and total phosphorus 
(TP) were measured at one month interval 
using DR 5000™ UV-Vis Spectrophotometer. 
Preliminary data were transferred into 
Microsoft Excel 10 and subjected to one-way 
analysis of variance (ANOVA). Standard 
deviation in each parameter and treatment was 
calculated and expressed as mean ± S.D. The 
level for significance was set at 0.05%. Using 
the statistical software package (Statistics 10) 
all statistical analyses was performed.

In the experiment water temperature varied 
from 24.1 to 27.5°C in fish tanks and 23.1 to 
24.2°C in vegetable trays.  The suitable water 
temperature for fish culture ranged from 26.06 
to 31.97 °C (Boyd, 1982). On the other hand, 
temperatures ranged from 7 to 24oC, were 
best suited for lettuce growth (Maynard and 
Hochmuth, 2007). pH values of fish tank water 
under two treatments were found to be alkaline 
ranged from 6.9 to 7.2 (Table 1). Depending 
on species and temperature the optimum pH 
for nitrifying bacterial growth is 7.8 (Tyson et 
al., 2007). Optimal growth of lettuce required 
pH of 5.5 to 6 (Resh, 2012). The mean values 
of dissolved oxygen concentration in two 
different fish tanks ranged from 5.54±0.21 to 

5.7±0.12 mg/l whereas 3.80 to 6.12 mg/l were 
within the suitable level of climbing perch 
(Chakraborty and Nur, 2012). 

At the end of the experiment, mean length 
gain and mean weight gain of climbing perch 
were found 1.85±0.23 cm and 5.95±0.06 g 
in T1 and 2.15±0.41 cm and 6.65±1.25 g in 
T2, respectively. Those were significantly 
differing in two treatments (P≤0.05). In this 
experiment, FCR value was observed 1.92 in T1 
(raft system) and 1.87 in T2 (bricklets medium). 
Rearing fish in winter season at relatively 
lower temperature might be the reason 
behind that higher FCR. The final production 
of climbing perch was found 3.18 kg/m3 in 
bricklets medium compared with 3.03 kg/m3 

in raft system. In six months culture period 
of climbing perch obtained 4.8 to 5.5 kg/m3 
production in monoculture management with 
supplementary feed (Rahman et al., 2013). 
Generally climbing perch attained 80-100 g 
size within 90-120 culture days (Saha et al., 
2009). At the end of the experiment, climbing 
perch attained average 18.2±4.10 g in T1 and 
19.1±4.78 g in T2 indicated that highest fish 
growth was found in T2 (bricklets medium). 
Overall fish production was low in both the 
treatments due to winter season because it 
reduced fish metabolic rate and slowed feed 
consumption and growth performance. 

The number of leaves/plant, plant height (cm), 
leaf area (cm2) was recorded for all the two 
treatments, where T1 was raft system and T2 
was bricklets medium. At the time of planting 
the average number of leaves/plant was 7.27 
in T1 and 7.40 in T2 which was similar but 
different started at the 30 days after planting 
(12.47 in T1 and 15.07 in T2); and after 60 
days (22.40 in T1 and 25.27 in T2) (Fig.1). The 
average plant height (cm) was 10.47 in T1 and 
10.71 in T2 at the time of planting. Significantly 
different plant height was observed in both at 
the 30 days (14.75 cm in T1 and 17.16 cm in 
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T2) and 60 days (19.98 cm in T1 and 25.37 cm 
in T2) after planting (Fig.1). At the time of 
planting, average leaf area (cm2) was 24.13 in 
raft system (T1) and 24.51 in bricklets medium 
(T2). But at the 30 days after planting, it was 
found 50.61 cm2 (T1) and 62.75 cm2 (T2). On 

the other hand, at the 60 days after planting, 
the average leaf area (cm2) was found 72.80 in 
T1 and 89.16 in T2; were significantly (P≤0.05) 
different in both treatments (Fig. 1). In this 
experiment, lettuce was grown upto 100 g in T1 
and 132 g in T2. On an average 150 g of lettuce 

Fig. 1. Lettuce growth and yield in two different media (data in same sampling day bearing different letters 
are significantly different at P≤0.05). a) number of leaves/plant at different days after planting; b) plant height 
at different days after planting; c) leaf area at different days after planting; and d) yield at the end of the 
experiment. 
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Table 1. Average water quality parameters in two aquaponic systems

Parameters
Raft System (T1) Bricklets Medium (T2) 

Influent Effluent Influent Effluent 

Temperature (°C)
pH DO (mg/l)

26.13±1.59a

7.04±0.11a

5.54±0.21a

23.78±0.45b                26.22±1.19a                

5.5±0.07b                       7.1±0.12a                      

2.28±0.18b                    5.7±0.12a                      

23.66±0.47b

5.46±0.11b

2.22±0.20b

TAN (mg/l) 0.08±0.0a 0.04±0.01b                   0.07±0.02a                  0.03±0.01b

NO2-N (mg/l) 0.04±0.02a 0.03±0.01b                    0.04±0.01a                   0.02±0.01b

NO3-N (mg/l) 1.39±0.28a 1.0±0.12b                       1.38±0.28a                   0.8±0.09b

TP (mg/l) 3.17±0.34a 1.25±0.21b                     3.15±0.27a                  1.10±0.19b

* Means with different superscript in a row are significantly different (P≤0.05); values in the parenthesis indicate the 
standard deviation
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can be achieved in 3-4 weeks after transplant 
under optimal growing conditions (Both et al., 
1994) that was more or less similar with the 
present study. 

The total yield of lettuce in T1 (1.18 kg/m2) 
was significantly lower than T2 (1.60 kg/m2) 
that might be due to higher amount of nutrient 
availability to the lettuce plants in T2 than 
T1. Because, T2 (bricklets medium) had large 
surface area for bacterial growth to perform 
nitrification but in T1 (raft system) there was 
used groundwater and fish tank water for 
lettuce production, but no addition of chelate 
ion or any other nutrients solution. Therefore, 
due to less minerals and nutrient contents, 
comparatively low production occurred in raft 
system (T1). Yields of lettuce were found from 
1.5 to 2.2 kg/m2 at different planting density 
in 60 days of culture period (Kawser et al., 
2016) which were more or less similar to the 
present study. For the cool-season crops like 
lettuce, chelate ion or other nutrient solution 
plays significant role in oxygen transport 
that enhance the plants growth (Campbell et 
al., 1999). According to above discussion, it 
may be concluded that bricklets have great 
potentialities as medium for lettuce production 
in aquaponic systems.
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