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Effect of Fish Diets Supplemented with Vitamin /Mineral Premix
on Growth and Yield of Lettuce under Aquaponic System
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Abstract: This experiment was conducted in aquaponic system in a greenhouse at Fish Nutrition Laboratory,
Faculty of Agriculture, Cairo University, Egypt, during two growing periods trial 1 started on 15" February and
trail 2 started on 1* April 2018, to evaluate the effect of three vitamin /mineral premix levels (0.5, 1.0 and 2.0 %)
supplemented in fish diet on leafy lettuce (Lactuica sativa ) variety New red fire grown in aquaponic system.
The aquaponic system consisted of 3 independent fish tanks, every fish tank describe one treatment and feed
three hydroponic units (experimental units). Every aquaponic unit was consisted of fiberglass fish tank
(1000 L volume), mechanical filter (decanter), biological filter, three floating raft system (hydroponic unit one
m?®) for lettuce production and sump. Nile tilapia (Oreochromis niloticus) was used. Results show that treatment
at 2% of vitamin /mineral premix supplemented in fish diet improved significantly number of leaves, plant height,
fresh and dry weight of shoots, roots and increased yield/m’ , relative growth rate (RGR) and crop growth rate
(CGR).
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INTRODUCTION

The world population is increasing steadily and is
expected to reach about 10 billion by 2050 [1]. Aquaponic
system depends on the use of water loaded with nutrients
produced from aquaculture in plant production in a closed
system [2]. Aqauponic is the sustainable integrated
system consists of water recycling between aquaculture
and plants [3, 4] .The advantage of the aquaponic system
include: water saving, pesticide removal and multiple
production (plant and fish) [5]. Water consumption in
agriculture in the Middle East and North Africa reached
about 90% of freshwater [6]. Nonrecycling systems
consumes a large amount of water and causes pollution of
soil and groundwater [7]. Aquaponic system saving
approximately 90% of water when compared with
traditional agriculture [8]. The application of aquaponic
system is beneficial in dry areas that suffer from water
shortage [9]. Microorganisms in the biological filter
attached by aquaponic system works to convert the fish
residues into an easily absorbed nutrients form by the
plant, which helps to prevent poisoning that may occur to
the fish [10]. That leads to saving water consumption [11].
The nutrients produced by the fish in aquaponic system

may be not adequate for growth and development for all
plants where, the fish meal does not provide all the
nutrient needs by plants [12]. Components of the fish
meal affect the nutrients produced by the fish [13]. 80% of
the nitrogen and 85% of the phosphorus is released in
fish waste [14, 15]. One of the challenges in aquaponic
system was access to the most appropriate ingredients of
the fish meal [9]. Lettuce is one of the most famous salad
crops grown commercially in the world. Leafy vegetables
especially lettuce are the main source of nitrate in human
food [16]. Harvesting in optimum stage (late harvest)
reduce nitrate content [17]. The lettuce produced in the
aquaponic system is considered to be more health due
to its low nitrate content [12]. The beds used in the
aquaponic system are divided to three kind's nutrient film
technique (NFT), ebb- and- flow (supported by heavy
substrate) and floating system (deep water culture) [18].
The plants productivity in aquaponic system was superior
the productivity in traditional cultivation [19]. The
technique of growing plants in the floating system is one
of the successful hydroponic systems especially with
leafy vegetables (lettuce, rocket and spinach) [20].
Which, showed identity in growth and harvest time [21].
Goda et al. [22] reported that floating raft system are
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suitable for nine vegetables (head lettuce, red leaf lettuce,
green leaf lettuce, tomato, eggplant, bell pepper, broccoli
and cucumber) in aquaponic system, the more
productivity and economically system . Floating system
make a direct contact between the roots and nutrient
solution [23]. Production lettuce and rocket under the
floating system improved the yield and quality [24].
Lennard and Leonard [25] concluded that lettuce grown
in the floating raft system was superior to the grown in
gravel and was more efficiency in absorbing nutrients.
Lettuce produced in the aquaponic and hydroponic gave
similar yield [26]. Lettuce productivity excelled under
the aquaponic system than the hydroponic system [27].
The pH is of great importance in aquaponic system and its
maintenance within 7pH is suitable for plants, fish and
microorganisms [28]. Nile tilapia (Oreochromis niloticus)
a fish with range of acclimatization and its nutritional
needs are few, therefore suitable for the aquaponic
system especially in the tropics and equator regions
[29]. Tilapia has awide rang of pH, but the best
growth is in neutral or alkaline tendency [30].
Therefore, the aim of this investigation was to study the
effect of fish diets supplemented with vitamin/mineral
premix on growth and yield of lettuce plants grown in
aquaponic system.

MATERIALS AND METHODS

This experiment was conducted in aquaponic system
in a greenhouse at Fish Nutrition Laboratory, Faculty of
Agriculture, Cairo University, Egypt, during two growing
periods trial 1 started on 15" February and trail 2 started
on 1% April 2018, to evaluate the effect of three vitamin
/mineral premix levels (0.5, 1.0 and 2.0 %) supplemented in
fish diet on leafy lettuce (Lactuica sativa) variety New red
fire grown in aquaponic system. The components of
vitamin /mineral premix are presented in schedule 1.
The aquaponic system consisted of 3 independent fish
tanks, every fish tank describe one treatment and feed
three hydroponic units (experimental units). Every
aquaponic unit was consisted of fiberglass fish tank
(1000 L volume), mechanical filter (decanter), biological
filter, three floating raft system (hydroponic unit) for
lettuce production and sump. Every floating raft system
consisted on triangular (2m long x0.5m widex0.25m deep)
and a raft system consisted of floating sheets (2m long
x0.5m widex3cm thick) of Styrofoam, with circular holes
24 holes. Each plot formed by 24plan/sheet. Production
was covering a total surface of 3m’ for each treatment.
The temperature in the greenhouse was controlled to not
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exceed 28°Cand the source of illumination was sunlight.
The mechanical filter consisted of 200 L plastic drum.
The biological filter consisted of 100L plastic drum.
The sump was 100 L plastic drum equipped with
submersible pump to return the effluent to the fish tank.
The effluent from the fish tank flowed into the mechanical
filter then to the biological filter. Effluent from the
biological filter was drain into the hydroponics units and
drain into the sump, which the effluent was pumped to the
fish tank, Principal components of aquaponic system as
shown in Fig. 1. All fish tanks and biological filters are
aerated by using air pump to maintain the level of oxygen.
To maintain the pH approximately 7 pH acetic acid was
added to the sump. Nile tilapia (Oreochromis niloticus)
were used in the experiment was average weight 80g/fish.
Fish density was 200 fish /m’. During the experiment the
fish was fed 2% of the fish weight divided in two doses
daily on diet containing 50% protein, 12% lipid and 35%
carbohydrate. The diet prepared in the laboratory and
supported by the vitamin /mineral premix by concentration
0.5, 1.0 and 2.0% .The lettuce seedlings were transplanted
at the stage of three to four true leaves. Some seedlings
were dried to calculate the dry weight at the beginning
of the experiment. Lettuce density was 24 plant/m>
This experiment included three treatments 0.5, 1.0 and
2.0 % vitamin /mineral premix supplemented in fish diet.
During the experiment, there were no water exchange
water addition done only to replace water lost caused by
transpiration and evaporation. All the treatments were
replicated three times in a complete randomize block
design (RCBD). Ten lettuce plants were selected randomly
from each hydroponic unit (experimental unit )in 1, 3 and
5 weeks (at harvest) from transplanting to measured plant
height and number of leaves while fresh and dry weight of
shoots, roots, root length and dry matter percentage were
only measured at harvesting (5 weeks from transplanting).
Then crop yield/m* was obtained based on shoot fresh
weight. The lettuce leaf nutrient content total nitrogen
percentage, potassium percentage and phosphorus
percentage were determined according to the methods
described in AOAC [31]. The following growth parameters
were measured at harvest [32]. Relative growth rate
(RGR) and crop growth rate (CGR) was calculated:
RGR= (accumulated dry matter in plant per base weight
unit at time unit) A W/W x time, where: A W is the change
in plant dry matter. (CGR) = (accumulated dry matter in
plant at time unit per land area given for each plant) A W/
P x time. The L.S.D. method Snedecor and Cochran [33]
was used for testing the significance of means in the
experiment.
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Schedule 1: The components of vitamin /mineral premix each 1kg contains

Vitamin A 4000000 UI
Vitamin D 700000 UI
Vitamin B, 330 mg
Vitamin By 500 mg
Niacin 10000 mg
Folic acid 330 mg

Zn 1666 mg

Mn 20000 mg

Fe 10000 mg

Cu 1333 mg

CaCo;, Approximately 1kg
Vitamin E 3333 mg

Mechanical Biofiter
filter

Hydroponic Unit

—
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Fig. 1: Principal components of aquaponic system
RESULTS AND DISCUSSION

Number of Leaves and Plant Height: Data presented in
Table 1 showed that there were no significant differences
between treatments in number of leaves in the first sages
of lettuce development at 1 and 3 weeks after
transplanting and plant height at 1 week in both trials.
Whereas, at the 5 weeks number of leaves increased
significantly by increasing vitamin /mineral premix
percentage and the plant height showed significantly
differences earlier that at stage 3 weeks after
transplanting. Vitamin /mineral premix at 2.0% and
1.0% had the similar significant in number of leaves and
plant height. The lowest vitamin /mineral premix
percentage gave the lowest values of number of leaves
and plant height in both trials. Our result in agreement
with Rono, et al. [2] how concluded that fish diet
supplementation by iron amino acid as nutrient source
improved the spinach (Spinacia oleraceae) growth such
as plant height, number of leaves and fresh and dry
weight (Table 2). Therefore, some synthetic fertilizer
(Ca, Fe, K) may be added to the aquaponic system to
compensate the nutrient lack [10].

Fresh and Dry Weight of Lettuce: Data presented in
Table 2 showed that supplemented fish diet with vitamin
/mineral premix had significant differences between
treatments in fresh and dry weight of shoot and root,
shoot dry matter percentage and root length of lettuce.
In both trials, the average fresh, dry weight of shoots
and average roots dry weight of lettuce plants at harvest
(5 weeks from transplanting) increased significantly by
increasing the percentage of vitamin /mineral premix
supplemented in the fish meal. Whereas, the treatment
vitamin /mineral premix at 2% gave the highest values
followed by 1.0% and 0.5% gave the lowest values.
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Shoot dry matter percentage and average root fresh
weight was higher in treatment of 2.0% of vitamin /mineral
premix. Treatment at 0.5% of vitamin /mineral premix
supplemented in the fish diet gave the shortest roots
length. Whereas, treatments of 2.0% and 1.0% of vitamin
/mineral premix gave the similar significant in root length.
Elizabeth et al. [34] indicated that fish feed consumption
increased by making the diet ingredients balanced, which
was improving the proportion of the resulting elements in
the fish waste.

Yield, RGR, CGR and Leaves Minerals Content: Data
presented in Table 3 showed that supplemented fish diet
with vitamin /mineral premix had significant differences
between treatments in yield/m?, relative growth rate (RGR),
crop growth rate (CGR), Nitrogen, Phosphorus and
Potassium percentage. In both trials, treatment at 2.0% of
vitamin /mineral premix supplemented in the fish meal
showed the highest yield/m? RGR, CGR followed by
1.0% vitamin /mineral premix. Meanwhile, the treatment at
0.5% of vitamin /mineral premix gave the lowest values.
Mineral content of leaves was affected by vitamin /mineral
premix application. Where, treatment at 2.0% of vitamin
/mineral premix supplemented in the fish meal showed the
lowest minerals content of the lettuce leaves and
treatment at 1.0% of vitamin /mineral premix recorded
the maximum content followed by treatment at 0.5% of
vitamin /mineral premix. Fish diet composition effect on
the plant yield produced under aquaponic system [35]
.Petropoulos et al. [24] reported that lettuce yield
increased significantly in floating raft system by
increasing N application where, 200mg/l resulted the
highly yield, fresh weight and number of leaves.
Ajitama et al. [36] found that butterhead lettuce
produced in aquaponic system at density 10 and
20 plant/m® had the similar relative growth rate (RGR).
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Table 1: Effect of fish diets supplemented with vitamin /mineral premix on number of leaves and plant height of leafy lettuce variety New Red Fire grown

in aquaponic system at 1, 3 and 5 weeks from transplanting during two growing periods in 2018

No. of leaves Plant height (cm)
Treatments 1 week 3 weeks 5 weeks 1 week 3 weeks 5 weeks
Trial 1 (15" Feb. 2018)
0.5% VMP 58a 10.8 a 14.1b 11.92a 17.20b 2444 b
1.0% VMP S5.la 12.6 a 16.9 a 1298 a 20.04 a 2734 a
2.0% VMP 52a 12.1a 179 a 12.88 a 19.30 a 26.92 a
Trial 2 (1* April 2018)
0.5% VMP 53a 10.5a 13.7b 11.88 a 17.34b 2422 b
1.0% VMP 50a 124 a 162 a 12.96 a 20.10 a 2736 a
2.0% VMP 58a 11.8a 17.5a 1292 a 19.02 a 2730 a

In each column, values followed by the same letter do not differ significantly at P=0.05 by LSD.

VMP: vitamin /mineral premix

Table 2: Effect of fish diets supplemented with vitamin /mineral premix on shoot , root( fresh and dry weight), dry matter percentage and root length of leafy

lettuce variety New Red Fire grown in aquaponic system at 5 weeks from transplanting(at harvest) during two growing periods in 2018.

Average Average shoot Average root Average root dry
Treatments shoot f.w.(g) dry weight (g) Shoot dry matter %  Root length (cm) fw. (g) weight (g)
Trial 1 (15 Feb. 2018)
0.5% VMP 58.78 ¢ 2.87¢ 4.99 ab 14.18b 4.12b 0.26 ¢
1.0% VMP 80.24 b 3.70b 4.67b 21.95a 4.03b 0.28 b
2.0% VMP 84.32a 4.63a 529a 2195a 5.06 a 0.47 a
Trial 2 (1% April 2018)
0.5% VMP 54.70 ¢ 2.66 ¢ 4.62b 13.98b 386b 0.22b
1.0% VMP 72.15b 3.24b 459b 2220 a 342¢ 0.21b
2.0% VMP 78.95 a 423a 532a 2198 a 5.09a 0.49 a

In each column, values followed by the same letter do not differ significantly at P = 0.05 by LSD.

VMP: vitamin /mineral premix, F. w : fresh weight.

Table 3: Effect of fish diets supplemented with vitamin /mineral premix on yield, RGR, CGR, nitrogen, phosphorus and potassium of leafy lettuce variety

New Red Fire grown in aquaponic system at 5 weeks from transplanting( at harvest) during two growing periods in 2018.

Treatments Yield/m? (kg) RGR(g/g.d) CGR(g/cm?>.d) Nitrogen (%) Phosphorus (%) Potassium (%)
Trial 1 (15" Feb. 2018)

0.5% VMP 1420 ¢ 0.80 ¢ 3345¢ 2.81b 0.50 a 8.66 b

1.0% VMP 1919b 0.99b 42.69b 299a 0.54 a 9.44 a

2.0% VMP 2.023 a 132a 51.28 a 221¢ 0.41b 7.73 ¢
Trial 2 (1% April 2018)

0.5% VMP 1.346 ¢ 0.70 ¢ 28.51¢ 2.80b 0.46 a 8.71b

1.0% VMP 1.751b 0.89b 37.60 b 2.99a 0.49 a 940 a

2.0% VMP 1.901 a 1.18a 50.17 a 222¢ 0.39b 7.79 ¢

In each column, values followed by the same letter do not differ significantly at P=0.05 by LSD.

VMP: vitamin /mineral premix, RGR: Relative growth rate, CGR: Crop growth rate, d: day

De Carmello and Anti [37] concluded that tomato plants
absorbed large concentration of potassium followed by
nitrogen meanwhile absorbed less amount of
phosphorous. Nozzi et al. [12] indicated that lettuce
grown in aquaponic system without addition
micronutrients to the plants exert more energy to absorb
the nutrients and produce healthy lettuce. This results
may explained by that plants in treatment at 2.0% of
vitamin /mineral premix used nitrogen very efficiently in
increasing shoot growth and wused phosphorus to
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increase root growth. This is clearly shown in the
increasing shoot fresh weight, length and weight of the
root (Table 2).

CONCLUSION

From the foregoing results it could be concluded that,
supplementation the fish meal by 2% of vitamin /mineral
premix in the aquaponic system have positive effect on
the lettuce growth such as fresh weight, dry weight, plant
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height and number of leaves and increased the yield/m’
compared to the other concentrations. This experiment
indicated the ability of aquaponic system to produce
lettuce (Lactuica sativa) by addition the vitamin /mineral
premix to the fish meal as nutrient source. Moreover,
aquaponic system works to produce healthy lettuce
plants as a source of nutrients in the human diet, save
water and reduce the pollution resulting from drainage
aquaculture water.
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