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content of nutrients in water discharged from fish farms is
sufficient for growing lettuce plants, in order to reduce the
using of chemical fertilizers, save water, improve the plant and
fish. To achieve that study the effect of different flow rate (1.0,
1.5 and 2.0 L h'Y) and culture system (A shape, gutter and deep
water) on root length, fresh and dry weight of shoot and root
and nutrients uptake for lettuce plants in hydroponic and
aquaponic systems. The obtained results indicated that the
highest value of the length of root (26.93 cm) was found with
waste fish farm for deep water hydroponic system. The fresh
© Misr J. Ag. Eng. (MJAE) | and dry of shoot and root for lettuce plants grown in gutter
hydroponic system was better than those grown in different
culture system with 1.5 L h* plant? flow rate. The highest
values of N, P, K, Ca and Mg uptake were 2.86, 0.85, 3.20, 1.90
and 0.30 %, respectively, for all treatments. The total weight
gain, fish growth rate and specific growth rate were 138.9 g,
2.78 g day! and 2.03 %, respectively.
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1. INTRODUCTION
Aquaponics is an integrated farming concept that combines fish, hydroponic plant

production, and nitrifying bacteria in a symbiotic environment. The most common

form is the integration of hydroponic beds in the water circuit of a recirculating
aquaculture system (RAS) (Delaide et al., 2015 and Rakocy, 2012). This integration aims to
convert the normally wasted nutrients excreted by fish into valuable plant biomass. This
allows for lower water exchange and spillage which should significantly reduce the
environmental impact of fish and hydroponic plant production.

Aqguaponics can be considered as an emerging approach that combines intensive production
with waste recycling and water conservation (Klinger and Naylor, 2012). It is an integration
of hydroponic plant production in a RAS which utilizes the nutrient-rich wastewater as an
input for plant growth. Aquaponics reduces the cost of artificial nutrient supplementation
needed in a hydroponics system and it also benefits the RAS by reducing the cost of water
treatment. Thus, aquaponics can rear fish in high stocking densities and bear low cost than the
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sophisticated RASs. Nutrient removal and water reuse ability in aquaponics vary depending
on the hydroponic medium, hydraulic loading rate, plant species, and the plant: fish ratio
(Lennard and Leonard, 2006 and Graber and Junge, 2009).

Agquaponic system is one of the economical solutions for getting benefits from the water-
waste from the fish farms as it save nutrients and produce fresh vegetables. With using this
system successively its cost will be decreased and became more economic. The produced
plants via this system considered as an organic product which is more safe for human
consumption (Khater and Ali, 2015 and Khater et al., 2015).

Fish production in ponds fertilized with excreta is a very ancient practice, and wastewater had
been used for the aquaculture production in different countries (Hoan and Edwards, 2005).
Also, in the agricultural sector; treated, diluted, untreated, or partly treated wastewater has
been used for irrigation (Ensink et al., 2004 and Keraita and Drechsel, 2004). There are
additional concerns about food safety and consumer acceptance of aquaponic production
because there is increased risk of cross-contamination including the spread of Salmonella and
Escherichia coli in fish production (Hollyer et al., 2009). Although there are little drawbacks
with the system, if remediated water is applied to aquaponic systems, it would be
economically beneficial, cost-effective, and provide extra advantages. The remediated water
would be an extra supplementation of the nutrients and decomposers to the aquaponics. Thus,
it will ultimately reduce the establishment time period of the hydroponic component in the
aquaponics as well as reduce the cost of introducing decomposers to the system.

Three types of beds are most frequently used in aquaponics: nutrient film technique (NFT);
ebb-and-flow (EAF); and deep water culture (DWC or RAFT) beds. EAF beds composed of
heavy substrate (e.g; clay balls, perlite, etc) and siphon bells seem to be less practical for
maintenance (Rakocy and Hargreaves, 1993) and there is only a few reports on their
production performance compared to DWC or NFT (Lennard and Leonard, 2006).
Aquaponics is a new research field and a theoretical lower environmental footprint compared
to conventional farming methods is expected but there is a lack of data establishing it.
Namely, the water and energy used but also the expectable plant yields are not yet well
documented and need to be compared to RAS and hydroponic systems. The ability of
aquaponic systems to produce the same yield and quality as conventional one need to be also
reported.

Small proportion of ammonia is toxic to fish, when as nitrate is not toxic to fish. If nitrate
increased over a specific limit it will be toxic to fish eaters (human being) and cause nitrate
pollution and the eaters will suffer from methamoglobnia disease. The blood of the affected
people became brown and will not be able to carry oxygen to the rest of human organs
(Tucker and Boyed, 1985). To avoid this problem in aquaculture, part of water should be
discharged daily and add fresh water instead. Another solution to this problem is establishing
hydroponic system attached to the aquaculture and cultivates plants in the hydroponics in
order to save discharged-water and gets use of existing nitrate. Therefore, the main aim of this
work is to investigate to which extent the content of nutrients in water discharged from fish
farms is sufficient for growing lettuce plants, in order to reduce the using of chemical
fertilizers, save water, improve the plant and fish.
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2. MATERIALS AND METHODS
The main experiment was carried out in a greenhouse at Fish Farms and Protected Houses
Center, Faculty of Agriculture Moshtohor, Benha University, Egypt (latitude 30° 21" N and
31° 13" E). During the period of November and December, 2020 season.

2.1. Materials

2.1.1. System Description

Fig. 1 illustrates the experimental setup. It shows the system which consists of fish tanks,
screen filter, biological filter, oxygen generator, oxygen mixer, hydroponic units, pumps and
pipelines made of polyvinyl chloride were installed to connect components of system to
recirculate the water.

2.1.1.1. Fish farm

Four fish tanks are an octagonal in shape and made from concrete has to openings for both
settleable and suspended solids. The water volume used in each tank is 150 m® and has a
height of 2.0 m. Each tank is provided with a particle trap in the center for water drain waste
solids. The first opening allows for 1-15% of the total flow, the second opening allows for 85
—99% of the total flow.

Two drum screen filters used in this system which has dimensions of 1.20 m in diameter and
2.0 m long. The filter was made from stainless steel at private company for steel industry. The
fine mesh silk 60 micron was used a media of screening. The filter was driven by one motor
of 1.0 kW power and 1500 rpm and a gearbox was used to reduce the rotation speed 500
times to give the recommended rotating speed (3 rpm).

Trickling biological filter used in this system, has 8.0 m in long, 4.0 m width and 4.0 m high.
The filter was made from concrete. Used plastic sheets were used as a media. The total
volume of media used in this system is 96 m>.

Pure oxygen used in this system source of oxygen gas was oxygen generator. Adding pure
oxygen gas to water by oxygen mixer. The water and oxygen enter the top of the oxygen
mixer, as the water and oxygen move downward. Oxygen generator is used to provide the
oxygenation system with its requirements of pure oxygen- It is consists of air compressor
(Model BOGE — Flow rate 15 m* h™ — Head 10 bar — Power 25 kW, Germany), Refrigeration
unit, Filtration unit, 1 m® stainless steel tank for storage air, oxygen generator (Model BOGE
— Flow rate 10.75 m® h™* — Head 6.25 bar — power 1 kW, Germany) and 1 m? stainless steel
tank for storage oxygen pure.

2.1.1.2. Hydroponic systems

Hydroponic systems consist of three types of hydroponic systems (deep water, A shape and
gutter systems).

The deep water system consists of six rectangular concrete tanks covered by polyethylene
sheet with 1 mm thickness that used for lettuce plants culture. Dimensions of each tank are
17.5 m long, 1.2 m wide and 0.3 m high. The ground slope of tanks was 2 %. The tanks were
covered with foam boards to support the plants. Fig. 2 shows the deep water system.

The two A shape system consists of three stands made of iron. Dimensions of each stand are
1.2 m wide and 1.7 m high. Each A shape consists nine polyvinyl chloride (PVC) pipe, the
dimensions of pipe are 110 mm in diameter and 6.0 m long. The slope of pipes was 2 %.
Small tubes (16 mm) were used to provide tanks with solution in a closed system. Fig. 3
shows the A shape system.
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The two gutter system consists of three stands made of iron. Dimensions of each stand are 1.2
m wide and 1.0 m high. Each gutter system consists three gutters made of PVC. The
dimensions of each gutter are 4.0 m long, 0.15 m wide and 0.10 m high. The slope of gutters
was 2 %. Small tubes (16 mm) were used to provide tanks with solution in a closed system.
Fig. 4 shows the gutter system.

Fig. 4: Gutter system

The circular polyethylene tank of the nutrient solution system was used for collecting the
drained solution by gravity from the ends of the three systems. The nutrient solutions were
prepared manually according to (Khater, 2006) by dissolving appropriate amounts of
Ca(NOs)2, 236 g L%, KNO3, 101 g L%, K2S04, 115 g L™, KH2PO4, 136 g L™, MgSOa, 246 g
L™t and chelates for trace elements into preacidified groundwater (from the following ppm
concentration are achieved in this formulation: N = 210, P = 31, K = 234, Ca = 200, Mg = 48,
S =64, Fe =14, Mn = 0.5, Zn = 0.05, Cu = 0.02, B = 0.5, Mo = 0.01). pH and Electrical
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Conductivity (EC) were further adjusted to 6.5-7.0 and 800 — 840 ppm, respectively, after salt
addition. The average air ambient temperature was 25.97 + 4.37 °C and the average water
temperature was 24.03 = 3.92 °C. The average relative humidity was 65.4% and the light
intensity was 338.55 + 40.06 W m ™2,

2.1.2. Plant and fish species

2.1.2.1. Lettuce plants

Lettuce seedlings were gown in the plastic cups (7 cm diameter and 7 cm height) filled with
peat moss. The cups were irrigated daily using water with nutrient solution. Two weeks old
lettuce seedlings were planted at 25.0 plant min the experimental tanks (Khater and Ali,
2015).

2.1.2.2. Nile Tilapia fish

Tilapia nilotica fingerlings (an individual weight of 79.23 g), which were used in the
beginning of experiment. The fish was weighed every ten days and the flow rate was adjusted
according to the growth rate. The daily feed rates at different fish sizes were applied
according to Rakocy (1989) and the feed pellet diameter was prepared according to Jauncey
and Ross (1982). Feeding was stopped during weighing process.

2.2. Methods

2.2.1. Treatments

The treatments were arranged in a split-split plot design in three replications. The treatments
include: two nutrients sources (effluent fish farm and stock nutrient solution), three systems of
hydroponics (deep water, A shape and gutter systems) and three flow rates are 1.0, 1.5 and 2.0
L ht per plant.

2.2.2. Measurements

2.2.2.1. Plant samples

Root length was measured every ten days. To study the behavior of root growth, their mass
production and assess to which extent their roots could be grown in the growing solution.

The fresh and dry weight of shoot and root were measured at the end of the experiment. Dry
weight the plants were measured by using oven dryer at 65 °C until constant weight was
reached.

Total content of macro elements were evaluated after being digested according to Chapman
and Partt (1961). Nitrogen was determined by Kjeldahl digestion apparatus (Bremmer and
Mulvaney, 1982). Potassium, Calcium and magnesium were determined by Photofatometer
(Model Jenway PFP7 — Range 0 - 160 mmol L, USA) and phosphorus (P) was determined
colorimetrically following the Murphy and Riley (1962) method.

2.2.2.2. Biological factors of fish

Fish sample were taken every ten days to determine the biological parameters which include:
weight gain, fish growth rate, specific growth rate, feed conversion ratio and feed efficiency
ratio using the following equations according to (Khater, 2012):

WG =W, —W, @)

FGR= V? )
InW; —InW,

SGR=————"x100 ©)
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Fl

FCR= (4)
WG.n,
FER = WVGN (5)
Fi

Where:

WG is the mass gained, g

Wt is the mean final fish mass, g

Wi is the mean initial fish mass, g

FGR is the fish growth rate, g day™

SGR is the specific growth rate, (% or g day™)

t is the time, day

FCR is the feed conversion ratio, g feed g™* fish

FER is the feed Efficiency ratio, g fish g* feed

Fl is the feed intake, ¢

nt is the final number of fish in the tank

3. RESULTS AND DISCUSSION

3.1. Plant growth parameters
3.1.1.Root length
Figs. 5a, b and ¢ show the root length of lettuce plants grown during the growth period in
source of nutrients (stock nutrient solution and effluent fish farm), different hydroponic
systems (A shape, Gutter and Deep water systems) and different flow rates (1.0, 1.5 and 2.0 L
h plant?). The results indicate that the root of the lettuce plant grown in different culture
system increases with increasing flow rate and plant age. It could be seen that the root length
of lettuce plants increased from 3.95 to 23.75, 3.78 to 25.13 and 3.85 to 24.78 and 4.88 to
24.38, 4.85 to 25.55 and 4.83 to 23.15 cm, when the lettuce plant age increased from 10 to 50
days, respectively, at 1.0, 1.5 and 2.0 L h'? plant? in nutrients solution and water discharged
of the fish farm, respectively, for A shape hydroponic system.
For gutter hydroponic system, the root length of lettuce plants increased from 4.48 to 24.93,
4.58 t0 25.43 and 4.30 to 24.58 and 4.83 to 25.38, 4.95 to 26.10 and 5.00 to 25.75 cm, when
the lettuce plant age increased from 10 to 50 days, respectively, at 1.0, 1.5 and 2.0 L h*! plant’
Lin nutrients solution and water discharged of the fish farm, respectively. For deep water
hydroponic system, the root length of lettuce plants increased from 5.65 to 25.10, 5.53 to
25.30 and 5.28 to 25.53 and 5.88 to 26.38, 5.85 to 26.93 and 5.85 to 25.33 ¢cm, when the
lettuce plant age increased from 10 to 50 days, respectively, at 1.0, 1.5 and 2.0 L h'? plant?in
nutrients solution and water discharged of the fish farm, respectively. It was noticed that there
was not any overlapping (interference) between roots of the growing plants as a result of
choosing a suitable distance (25 cm) apart between plants during different growth stages. If
there is any overlapping existed it was very limited. These results were in agreement with
Khater and Ali (2015) and Khater (2016) found that the plant spacing for lettuce was (20-
25 cm).
The highest value of the length of root (26.93 cm) was found with waste fish farm for deep
water hydroponic system. However, the lowest value of the length of root was found to be
23.75 cm with nutrient solution for A shape hydroponic system.
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Regarding the flow rate, the results indicate that the average root length of lettuce plants
increased from 4.95 to 24.99, 4.92 to 25.74 and 4.85 to 24.85 cm, when the lettuce plant age
increased from 10 to 50 days, respectively, at 1.0, 1.5 and 2.0 L h'* plant™ for all treatments.
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Fig. 5a: The root length of lettuce plants grown A shape system.
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Fig. 5¢: The root length of lettuce plants grown deep water system.
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Regarding the hydroponic systems, the results indicate that the average root length of lettuce
plants increased from 4.36 to 24.45, 4.69 to 25.36 and 5.67 to 25.76 cm, when the lettuce
plant age increased from 10 to 50 days, respectively, A shape, gutter and deep water systems
for all treatments.
Multiple regression analysis was carried out to obtain a relationship between the root length
of lettuce plants as dependent variable and different both of culture system, flow rate (1.0, 1.5
and 2.0 L h!) and experimental period (1 to 50 days) as independent variables. The best fit for
this relationship is presented in the following equation:
RL=a+bT +cQ (6)

Where:

RL is the root length of lettuce plant, cm

T is the lettuce plant age, day

Q is the flow rate, L ht
The constants of these equation and coefficient of determination are listed in Table 1.
Table 1: The constants a, b, ¢ and coefficient of determination for root length.

Hydroponic Nutrients Constant )
R
System Source a b c

A Shape NS -1.64 0.55 0.06 0.96
EFF 2.62 0.48 -0.25 0.93
Gutter NS -0.21 0.53 -0.59 0.98
EFF 1.62 0.50 -0.002 0.96
Deep Water NS 1.82 0.50 -0.47 0.98
EFF 2.09 0.49 0.23 0.97

NS: nutrient solution - EFF: effluent fish farm

3.2. Fresh and dry weight of shoot and root

3.2.1. Fresh and dry weight of shoot

Figs. 6a and b show fresh and dry weight of shoot of lettuce plants grown in different source
of nutrients (stock nutrient solution and effluent fish farm), different hydroponic systems (A
shape, Gutter and Deep water systems) and different flow rates (1.0, 1.5 and 2.0 L h plant?)
at the end of experimental period. The results indicate that the fresh weight of shoot of lettuce
plants values 206.71, 297.38 and 212.30 and 190.27, 236.81 and 182.53 g plant for 1.0, 1.5
and 2.0 L h? plant, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for A shape hydroponic system. For gutter hydroponic system, the fresh weight
of shoot of lettuce plants values were 238.37, 315.82 and 254.22 and 223.80, 286.13 and
201.90 g plant? for 1.0, 1.5 and 2.0 L h! plant™, respectively, in nutrients solution and water
discharged of the fish farm, respectively. While, the fresh weight of shoot of lettuce plants
values were 189.37, 250.19 and 191.62 and 177.80, 215.42 and 176.33 g plant™ for 1.0, 1.5
and 2.0 L h? plant, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for deep water hydroponic system. This helps explain yield and growth of
lettuce plants differences from various solutions. Generally, the growth of lettuce plant in a
solution has optimum conditions depending on the amount of nutrients available to the plants
and their balance in addition to sufficient, oxygen supply, the appropriate osmotic pressure of
solution and its temperature. These results were in agreement with (Maucieri et al., 2019 and
Khater et al., 2021).
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Fig. 6b: The dry weight of shoot of lettuce plants.

The results also indicate that the dry weight of shoot of lettuce plants values 14.08, 19.62 and
16.77 and 15.03, 16.37 and 15.72 g plant™ for 1.0, 1.5 and 2.0 L h'? plant™, respectively, in
nutrients solution and water discharged of the fish farm, respectively, for A shape hydroponic
system. For gutter hydroponic system, the dry weight of shoot of lettuce plants values were
17.33, 24.09 and 22.63 and 17.05, 20.07 and 16.20 g plant™ for 1.0, 1.5 and 2.0 L h? plant,
respectively, in nutrients solution and water discharged of the fish farm, respectively. While,
the dry weight of shoot of lettuce plants values were 16.08, 22.30 and 15.57 and 16.10, 16.89
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and 16.44 g plant? for 1.0, 1.5 and 2.0 L h? plant?, respectively, in nutrients solution and
water discharged of the fish farm, respectively, for deep water hydroponic system.

The results indicate that the highest values of fresh and dry weight of shoot (315.82 and 24.09
g plant®) were found with gutter hydroponic system and 1.5 L h! plant™ of flow rate, while,
the lowest values of fresh and dry weight of shoot (176.33 and 14.08 g plant™) were found
with deep water hydroponic system and 1.0 L h' plant™ of flow rate. These results agreed
with those obtained by Khater (2006), Genuncio et al. (2012) and Hussain et al. (2014)
whose found that the highest values of fresh and dry weight of plant were found with a flow
rate of 1.5 L h! plant™.

3.2.2.Fresh and dry weight of root:

Figs. 7a and b show fresh and dry weight of root of lettuce plants grown in different source of
nutrients (stock nutrient solution and effluent fish farm), different hydroponic systems (A
shape, Gutter and Deep water systems) and different flow rates (1.0, 1.5 and 2.0 L h* plant™)
at the end of experimental period. The results indicate that the fresh weight of root of lettuce
plants values 81.28, 72.62 and 84.95 and 76.48, 77.44 and 69.35 g plant™ for 1.0, 1.5 and 2.0
L h? plant?, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for A shape hydroponic system. For gutter hydroponic system, the fresh weight
of root of lettuce plants values were 81.34, 92.87 and 87.95 and 75.34, 85.73 and 74.65 g
plant? for 1.0, 1.5 and 2.0 L h? plant?, respectively, in nutrients solution and water
discharged of the fish farm, respectively. While, the fresh weight of root of lettuce plants
values were 68.75, 94.54 and 70.69 and 69.02, 80.16 and 59.19 g plant™ for 1.0, 1.5 and 2.0 L
h'l plant?, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for deep water hydroponic system.

The results also indicate that the dry weight of root of lettuce plants values 8.17, 7.69 and
9.14 and 7.44, 8.75 and 7.31 g plant? for 1.0, 1.5 and 2.0 L h* plant?, respectively, in
nutrients solution and water discharged of the fish farm, respectively, for A shape hydroponic
system. For gutter hydroponic system, the dry weight of root of lettuce plants values were
7.94, 8.33 and 8.99 and 7.63, 9.07 and 8.78 g plant? for 1.0, 1.5 and 2.0 L h* plant?,
respectively, in nutrients solution and water discharged of the fish farm, respectively. While,
the dry weight of root of lettuce plants values were 7.21, 10.29 and 7.32 and 6.79, 8.23 and
6.92 g plant? for 1.0, 1.5 and 2.0 L h' plant?, respectively, in nutrients solution and water
discharged of the fish farm, respectively, for deep water hydroponic system.

The results indicate that the highest values of fresh and dry weight of root (94.54 and 10.29 g
plant) were found with gutter hydroponic system and 1.5 L h! plant™ of flow rate, while, the
lowest values of fresh and dry weight of root (59.19 and 6.79 g plant®) were found with deep
water hydroponic system and 1.0 L h! plant™ of flow rate.

3.3. Nutrients uptake:

Figs. 8a, b, ¢, d and e show the nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg) uptake by lettuce plants at the end of experimental period in source of
nutrients (stock nutrient solution and effluent fish farm), different hydroponic systems (A
shape, Gutter and Deep water systems) and different flow rates (1.0, 1.5 and 2.0 L h' plant™®).
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Fig. 7b: The dry weight of root of lettuce plants.

The results indicate that the nitrogen (N) uptake by lettuce plants values were 2.09, 2.17 and
2.09 and 2.04, 2.11 and 2.02 % for 1.0, 1.5 and 2.0 L h! plant?, respectively, in nutrients
solution and water discharged of the fish farm, respectively, for A shape hydroponic system.
For gutter hydroponic system, the nitrogen (N) uptake by lettuce plants values were 2.45, 2.66
and 2.59 and 2.35, 2.61 and 2.38 % for 1.0, 1.5 and 2.0 L h'? plant™, respectively, in nutrients
solution and water discharged of the fish farm, respectively. While, the nitrogen (N) uptake
by lettuce plants values were 2.80, 2.86 and 2.78 and 2.56, 2.62 and 2.53 % for 1.0, 1.5 and
2.0 L h? plant?, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for deep water hydroponic system.
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The phosphorus (P) uptake by lettuce plants values were 0.38, 0.43 and 0.47 and 0.6, 0.40 and
0.42 % for 1.0, 1.5 and 2.0 L h? plant?, respectively, in nutrients solution and water
discharged of the fish farm, respectively, for A shape hydroponic system. For gutter
hydroponic system, the phosphorus (P) uptake by lettuce plants values were 0.46, 0.85 and
0.80 and 0.40, 0.38 and 0.47 % for 1.0, 1.5 and 2.0 L h! plant?, respectively, in nutrients
solution and water discharged of the fish farm, respectively. While, the phosphorus (P) uptake
by lettuce plants values were 0.80, 0.802 and 0.79 and 0.59, 0.76 and 0.62 % for 1.0, 1.5 and
2.0 L h? plant?, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for deep water hydroponic system.

The potassium (K) uptake by lettuce plants values were 2.60, 2.78 and 2.68 and 2.32, 2.49
and 2.04 % for 1.0, 1.5 and 2.0 L h! plant?, respectively, in nutrients solution and water
discharged of the fish farm, respectively, for A shape hydroponic system. For gutter
hydroponic system, the potassium (K) uptake by lettuce plants values were 2.78, 2.84 and
2.70 and 2.44, 2.46 and 2.23 % for 1.0, 1.5 and 2.0 L h' plant?, respectively, in nutrients
solution and water discharged of the fish farm, respectively. While, the potassium (K) uptake
by lettuce plants values were 3.07, 3.20 and 3.05 and 2.55, 2.79 and 2.88 % for 1.0, 1.5 and
2.0 L h? plant?, respectively, in nutrients solution and water discharged of the fish farm,
respectively, for deep water hydroponic system.

The calcium (Ca) uptake by lettuce plants values were 1.67, 1.90 and 1.75 and 1.61, 1.80 and
1.70 % for 1.0, 1.5 and 2.0 L h? plant?, respectively, in nutrients solution and water
discharged of the fish farm, respectively, for A shape hydroponic system. For gutter
hydroponic system, the calcium (Ca) uptake by lettuce plants values were 1.82, 1.90 and 1.81
and 1.77, 1.78 and 1.72 % for 1.0, 1.5 and 2.0 L h'! plant™, respectively, in nutrients solution
and water discharged of the fish farm, respectively. While, the calcium (Ca) uptake by lettuce
plants values were 1.42, 1.85 and 1.77 and 1.40, 1.80 and 1.63 % for 1.0, 1.5 and 2.0 L h!
plant?, respectively, in nutrients solution and water discharged of the fish farm, respectively,
for deep water hydroponic system.

The magnesium (Mg) uptake by lettuce plants values were 0.19, 0.24 and 0.19 and 0.18, 0.24
and 0.18 % for 1.0, 1.5 and 2.0 L h? plant?, respectively, in nutrients solution and water
discharged of the fish farm, respectively, for A shape hydroponic system. For gutter
hydroponic system, the magnesium (Mg) uptake by lettuce plants values were 0.20, 0.30 and
0.23 and 0.17, 0.26 and 0.17 % for 1.0, 1.5 and 2.0 L h'! plant?, respectively, in nutrients
solution and water discharged of the fish farm, respectively. While, the magnesium (Mg)
uptake by lettuce plants values were 0.25, 0.29 and 0.24 and 0.23, 0.17 and 0.20 % for 1.0,
1.5 and 2.0 L h? plant?, respectively, in nutrients solution and water discharged of the fish
farm, respectively, for deep water hydroponic system.

Regarding the flow rate, the results indicate that the highest values of whole plant weight
were found with 1.5 L h™. It could be seen that, the highest values of N, P, K, Ca and Mg
uptake were 2.86, 0.85, 3.20, 1.90 and 0.30 %, respectively, for all treatments. Increasing the
nutrients uptake by lettuce plant were concomitant with increasing fresh and dry mass of
shoot with a flow rate of 1.5 L h** for hydroponic system, may be due to increasing in nutrient
consumption rate. These results agreed with those obtained by Khater and Ali (2015). Also,
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the variation of nutrients uptake by root is attributed to nutrient concentration close to its
surface, diffusion of nutrients through the root surface, interactions between nutrients and
selectivity. It could be indicated that nutrient solution use was more efficient as compared
with water discharged from the fish farm under different flow rate. These results were in
agreement with (Adams, 1992).

3.1. Fish growth parameters

Table 2 shows the biological parameters (weight gain, fish growth rate, specific growth rate,
feed conversion ratio and feed efficiency ratio) at the end of experimental period. The results
indicate that the total weight gain, fish growth rate and specific growth rate were 138.9 g, 2.78
g day! and 2.03 %, respectively. The results also, indicate that the feed fed, feed conversion
ratio and feed efficiency ratio were 186.8 g fed g fish, 1.34 g feed g feed™ and 0.75 g fish g
feed™.

Table 2: The biological parameters of fish at the end of experimental period

Item Value
Initial weight, g 79.23
Final weight, g 218.13
Total weight gain, g 138.9
FGR, g day 2.78
SGR, % 2.03
Feed fed, g/fish 186.8
FCR, g feed/g fish 1.34
FER, g fish/g feed 0.75

4. CONCLUSION
The experiment was carried out to study the integration between aquaculture and hydroponic
systems to improve the growth and production of lettuce plants. To achieve that study the
effect of different flow rate (1.0, 1.5 and 2.0 L h) and culture system (A shape, gutter and
deep water) on root length, fresh and dry weight of shoot and root and nutrients uptake for
lettuce plants in hydroponic and aquaponic systems. The obtained results can be summarized
as follows:

- The highest value of the length of root (26.93 cm) was found with waste fish farm for
deep water hydroponic system. However, the lowest value of was found to be 23.75 cm
with nutrient solution for A shape hydroponic system.

- The highest values of fresh and dry weight of shoot (315.82 and 24.09 g plant™) were
found with gutter hydroponic system and 1.5 L h! plant™ of flow rate, while, the lowest
values of fresh and dry weight of shoot (176.33 and 14.08 g plant) were found with
deep water hydroponic system and 1.0 L h'? plant™ of flow rate.

- The highest values of N, P, K, Ca and Mg uptake were 2.86, 0.85, 3.20, 1.90 and 0.30
%, respectively, for all treatments.

- The total weight gain, fish growth rate and specific growth rate were 138.9 g, 2.78 ¢
day! and 2.03 %, respectively.
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