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Abstract. Aquaponics is a combination of aquaculture and hydroponics technology
application to rearing fish and plants by utilizing recirculation systems. Waste produced
by fish such as food and metabolic waste (feces and urine) can use as fertilizer for plants-
the water which contains food and metabolic waste furthermore flowing to planting media
and plant absorption the nutrient so the water quality can reuse for fish culture. The
objective of this study was to determine the effect of planting media on the growth and
yield of red lettuce plants in aquaponics. Design experiment use nested completely
randomized design. The data analysis using ANOVA, and the Duncan Multiple Range
Test. The experiment consists of 3 treatments and nine replications. Media planting are
rice husk charcoal, zeolite, and cocopeat. The results showed that the rice husk charcoal
and zeolite substrate significantly affects number of leaves, fresh weight, and dry weight
compared to cocopeat media. The red lettuce using zeolite as planting medium showed that
higher growth of plant compared to plants with other types of substrate medium
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1 Introduction

Aquaponics is a combination of aquaculture and hydroponics technology application to
rearing fish and plants by utilizing recirculation systems. Aquaponics combines re-circulatory
aquaculture system with hydroponics system in an integrated symbiotic farming concept that
ensures efficient nutrient recycling. In this system, the excretory products of the fish are broken
down by microorganisms and the resultant by-products inputted into the hydroponic system for
plant growth [1].

Waste produced by fish such as food and metabolic waste (feces and urine) can use as
fertilizer for plants-the water which contains food and metabolic waste furthermore flowing to
planting media and plant absorption the nutrient so the water quality can reuse for fish culture.
Aquaponics is an alternative cultivation of plants and fish in one place, or in other words
aquaponic is a combination of aquaculture and hydroponics that is able to recycle nutritious
water by using a small portion of water for integrated growth of fish and plants. This system is
almost the same as mina padi, namely fish and rice cultivation in a place [2]. Aquaponic able
to producing up to three and six times the quantity of plants output of a conventional planting
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system [3] and utilise less amount of freshwater needed to produce fish in a conventional
aquaculture system [4].

Today aquaponic developed to modern cultivation technique, medium for growing plants
not only soil but using other materials which suitable for urban conditions that have limited yard
[5]. Various planting media materials have been develop in previous study, to support plant
growth and development.. In aquaponic cultivation the recirculation process reuses the water
used in fish farming with filters in the form of plants and media.

Red lettuce, Lactuca sativa L plants are leafy, position of leaves sorround the stem. Leaves
have a variety of shapes and color [6]. Red lettuce is a vegetable plant with an aesthetic, wavy
and red leaf shape. Aquaponic planting media can using both of organic and inorganic media.
Husk and cocopeat charcoal are organic planting media, while zeolite is an inorganic. The
objective of this study was to determine the effect of planting media on the growth and yield of
red lettuce plants in aquaponics.

2 Research Purpose

This research purpose are to develop the media planting for aquaponic and reference to
further study in aquaponic system.

3 Method

The experimental design used in this study was a completely randomized design consists of
3 treatments type of planting media, Husk Charcoal, Zeolite and Cocopeat, with 9 replications
nested in treatments. The variable measure are plants height (cm), leaf number, leaf area (cm?)
and fresh weight of plant (g). Plants height (cm). Plant height is measured using a measuring
tape from the surface of the media to the point of growing plants. Measurements are carried out
once a week, 7, 14, 21, 28 and 35 days after planting (DAP). Leaf number. The number of
leaves is calculated by counting the number of leaves of the plant. The number of leaves counted
is leaves that have grown perfectly, bloomed, not yellowed and leaves that grow normally. The
measurement time same to the plant height measurement. Leaf area (cm?). Measuring leaf area
is done after the crop is harvested at 35 DAP. The method used is the Gravimetric Method.
Fresh weight of plant (g). Measurements done by weighing the faint parts of the plant, at 35
DAP. Collected data, were analize by analysis of variance, since ANOVA significant effect,
followed by Duncan multiple test range (DMRT).

4 Result and Discussion

4.1 Supporting Observations



There are pH and Electric Conductivity (EC) value, tempertature and humidity, disolve
oxgen, amonia level, also weight of fish. The range of pH values in pond with husk charcoal
media (pond A) 7.5 - 7.8, pond with zeolite media (pond B) 7.13 - 8.1, and pond with cocopeat
media (pond C) 7.04 - 7.7. At the harvest time (35 DAP) the pH value decreases compare to
first time. Increase of H* concentration occurs due to degradation of water quality caused by
residual feed, feces, algal respiration, and reduced CO2 in water [7].

The average EC value in pond A is 0.29 mS ¢m !, pond B is 0.25 mS cm™, and pond C is
0.28 mS cm! and temperature range 23 ° C - 27 ° C. Electrical conductivity in water is caused
by organic decomposition and temperature. Temperature and electrical conductivity is a linear
relationship [8]. Increase of the temperature, causing increase the ions move faster and the
value of the electrical conductivity will also increase. Electrical conductivity value in nutrient
solutions affect plant metabolism, photosynthesis, enzyme activity, and the potential absorption
of solution ions by roots [9].

Maximum daily temperature reaches 30°C, the minimum 19°C, daily average temperature
26°C. Optimal temperatures for red lettuce is 15-20°C, other range temperatures causing the
growth of red lettuce un-optimal [10].

The average of dissolved oxygen in pond A was 9.18 mg L', in pond B it was 9.45 mg L' while
in pond C it was 10.13 mg L. Dissolved oxygen in each pond was classified as high. In this
study using recirculation aquaculture system, the water always flowed. The faster flow water in
the drainage chamber, the oxygen diffuses water better. The minimum of dissolved oxygen for
fish is around 5.0 mg L', for plant roots around 2.5 mg L', and for bacteria around 2.0 mg L

[11].

The average ammonia level in pond A 0.003 mg L', pond B 0.001 mg L and pond C is
0.01 mg L"!. Ammonia levels in all media are low and harmless. Ammonia from waste of the
metabolism of fish (feces and urine) has recycle by bacteria into nitrites and nitrates so can be
utilized by plants as a source of nitrogenous nutrients. The lowest ammonia level is in zeolite
planting media. Zeolite able to absorb ammonia with its rough surface and as a medium attached
to microorganisms (bio-films) which can utilize various elements that are suspended in water
and absorbed with microorganisms' food ingredients [12]. In each pond, 50 fish were filled,
nirvana tilapia (Oreochromis niloticus) body length 5-7 cm, average weight 10 grams, rear for
49 days. Average body gain in pond A 11.35 g, pond B 11.58 g and pond C 8.74 g, better then
reported by Mulqan et al., [13].

4.2 Plant Height

The effect of planting media on plant height, showed in Table 1.

Table 1. Effect of planting media on red lettuce plant height



Plant Height (cm)

Planting Media
7 DAP 14 DAP 21 DAP 28 DAP 35 DAP
A 828 a 11.11 a 1404 a 17,00 a 2109 a
B 9.00 a 10.86 a 14.19 a 16.11 a 1920 a
C 9.00 a 10.77 a 13.68 a 16.87 a 2045 a

Planting media has no significant effect on plant height. Fariudin ez al., [14] reported that in
aquaponic cultivation without planting media the average of lettuce height only 6.24 cm. In this
study showed that the use of planting media can optimize plant growth in aquaponic cultivation.



4.3 Leaf Number

Table 2 showing the effect of planting media on leaf numbers.

Table 2. Effect of planting media on red lettuce leaf number

Leaf Number
Planting Media
7 DAP 14 DAP 21 DAP 28 DAP 35 DAP
A 3.44 a 5.22 a 6.33 a 7.56 a 9.44 b
3.44 a 5.33 a 6.44 a 7.33 a 9.55 b
C 3.56 a 5.11 a 6.44 a 7.56 a 7.00 a

According to Table 2, leaf number red lettuce until 28 DAP no significant affect of planting
media. Nitrogen is part of protoplasm, enzymes, and as a biological catalyst agents, therefore
N is a very important element for plant growth to accelerate the life process [15]. The number
of leaves in this study better then Fariudin et al. [14], but the lower then Zuhaida [16]. Cocopeat
planting media (C) shows the lowest results, the ability of cocopeat to bind and store water is
very strong. It is causes gas exchange in the media to experience obstacles so that the roots
experience resistance in breathing and nutrient absorption is not optimal [8].

4.4 Leaf Area (cm?)

Leaf area measure after the crop harvested at 35 DAP. Effect of media planting on leaf
area displayed on Table 3.

Table 3. Effect of planting media on red lettuce leaf area

Planting Media Leaf Area (cm?)
A 400.15 a
B 611.59 a
C 287.11 a

The lowest leaf area in this study is on the cocopeat media planting, compare to zeolite media
and husk charcoal. Zeolite able to high nutrient absorption capacity, especially K and NHa,
zeolite is also able to increase nitrogen efficiency, especially reducing nitrate washing. Based



on the high exchange ability of cations, zeolite able to bind and store water and fertilizer
temporarily and easily release to plants when needed (as slow release fertilizer) [17].

4.5 Fresh Yield of Plant

Fresh weight is weighed at 35 DAP. Media planting effect on fresh yield of plant showed
on Table 4.



Table 4. Effect of planting media on red lettuce fresh yield weight

Planting Media Fresh Yield (g)
A 30.5 b
B 49.88 b
C 24.63 a

Planting media significantly affect to red lettuce fresh yield weight. Between the husk charcoal
media (A) and zeolite (B) showed that the average yield was not significantly different but
compare to cocopeat media (C) was significantly different.

Hollow zeolite structure can be filled by water and cations, so that it can be useful as an
absorbent of nutrients derived from the waste of the feed and fish metabolism. The use of zeolite
can increase the growth of plant because the content of ammonia, phosphorus and potassium in
water is low, so that the water used by plants is of higher quality [18]. Anjani and Kusdarwati
[19] reported that zeolite able to reduce ammonia. The rough and hollow zeolite surface can be
precisely attached to microorganisms that helpful in the oxidation process of organic matter.

Lettuce plants grown with a hydroponic system produced 126.94 g of fresh weight [15]. The
range of EC values in this study is 0.25 - 0.3 mS cm™' while the pH value is 7.04 - 8.1. The
range of EC values and pH recommended by Rakocy et al. [20] is 0.3 - 0.6 mS cm™' and pH 6.5
-17.5.

Conclusion

Planting media have significant effect to leaf number and fresh yield of red lettuce. Zeolite
tend to better media than husk charcoal and cocopeat.
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