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Abstract. The growth of Pak Choy (Brassica rapa var. chinensis)
using nutrients from catfish “Sangkuriang” (Clarias gariepinus)
wastes was investigated in the household-scale aquaponics sys-
tems. The growth parameters were compared among the grow beds.
The growth parameter of Pak Choy was fresh weight, leaf number,
and leaf area. Meanwhile, catfish growth parameters were body
weight and length, and feed conversion ratio (FCR). The exper-
iments were arranged in a Completely Randomized Design (CRD)
with 4 treatments and 3 replications. The data were analyzed using
Analysis of Variance (ANOVA) followed by Duncan Multiple Range
Test (DMRT) at a 95% level of significance. The result of the study
showed that there were not significantly different in the growth pa-
rameter of Pak Choy among the grow beds in the vertical system.
However, those in grow beds “A” were significantly higher than the
rest of the grow beds in the horizontal aquaponics system. In gen-
eral, all the growth parameter of Pak Choy in the vertical system
was higher than in the horizontal one, although, it was not statis-
tically significantly different. Nevertheless, the horizontal aquapon-
ics system gave better results in the body weight and FCR of catfish.

Keywords: aquaponics systems, Brassica rapa L. chinensis, Clarias
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INTRODUCTION

system. Aquaponics is the integration of ag-
uaculture and hydroponics to produce vegeta-

Vitamins and animal protein are neces-
sary for improving family nutrition to improve
the quality of human resources. This is in line
with the Sustainable Development Goals
(SDGs) Program (Goal 2. Zero Hunger). Un-
fortunately, the high price of a protein source
is the problem for low-income communities.
Self-sufficiency of vegetable and inexpensive
animal protein for each family can be imple-
mented using a household-scale aquaponics

bles and fish at the same time. Aquaponics is
considered as the right choice for low-income
communities due to nutrient supply for plant
growth obtained from fish wastewater, unlike
hydroponics that used expensive manufac-
tured fertilizer. Hydroponics is a soilless plant
culture system in a controlled environment
which is becoming popular since it produced
good quality vegetable in a limited space.
However, the main disadvantage of hydro-
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ponic system is that the production depends
on expensively manufactured fertilizers (Li et
al., 2018). Moreover, the use of only inorgan-
ic nutrients in the hydroponics resulted in re-
sidual effects on plants that impact on human
health. It can be decreased by the addition of
biofertilizer (Husnaeni et al., 2018). A hydro-
ponic solution made from catfish wastewater
and goat urine on Pak Choy was studied by
Kuswoyo & Zein (2018) to reduce the price
of manufactured fertilizer and obtain a health-
ier product. Aquaponics resulted in a healthier
product than hydroponics due to the empow-
ering microorganisms to improve nutrition for
plant growth. Aquaponic is, therefore, a user
and environmentally friendly soilless fish and
vegetable production system. (Salam et al.,
2013; Surnar et al., 2015).

Pak Choy is one of favorite Chinese
leafy vegetables in Indonesia and used in var-
ious dishes. Edible parts of 100 g of Pak Choy
containing 1.7 g of protein, 0.2 g of fat, 3.1 g
of carbohydrate, vitamins and minerals such
as B-carotene (2.3 mg), vitamin C (53 mg) and
Calcium (102 mg) (Tay & Toxopeus, 1994).
An aquaponics of catfish “Sangkuriang” and
Pak Choy has been previously conducted to
identify the most effective vegetable plant to
recover water quality (Damanik et al., 2018;
Effendi et al., 2015). However, the study to
compare the growth of Pak Choy among ver-
tical and horizontal household-scale aquapon-
ics system have not been previously carried
out in Indonesia.

Catfish is a widely cultivated fish in In-
donesia (Pratama et al., 2018) especially for
the Indonesian traditional dish “pecel lele”.
Moreover, an international survey found that
catfish is the most common for aquaponics
system after tilapia and ornamental fish (Love
et al., 2015). Bosma et al. (2018) suggested
that the first aquaponics producers need to
start with catfish before shifting to a high-val-
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ue fish species for niche markets. Aquaponics
is one of the urban agriculture systems to ob-
tained vegetable and protein self-sufficiency
from a their-own family yard. This is expect-
ed to be a solution for the urban community,
which has limited space for farming practic-
es. Aquaponics is easier to operate than hy-
droponic systems due to the less monitoring
of water quality (Rakocy et al., 2006). This
study is aimed to identify the best growth and
production of Pak Choy as well as catfish in
two models of the household-scale aquapon-
ics system due to the research on the house-
hold-scale aquaponics system in Indonesia is
still limited.

MATERIALS AND METHODS

Source of Plant and Fish Seed

The study was conducted from July to
September 2018 at the screenhouse of Plant
Germplasm Garden, Research Centre for
Biotechnology LIPI, Cibinong, West Java.
The Pak Choy (Brassica rapa var. chinensis)
seeds (Nauli F1, East-West Seeds™) (98%
purity and 99% viability) used as a vegetable
model. Whereas, the catfish “Sangkuriang”
(Clarias gariepinus) (61.1 g weight and 23.3
cm length in average respectively) was used
as an aquatic living organism in the aquapon-
ics systems. The Pak Choy seed was obtained
from a local farm shop in Bogor, while the
catfish was obtained from a local fish breeder
at Cibinong district, West Java. Each seed was
germinated in the Rockwool medium (1 cm?
size) for 5 days and then placed in a perfo-
rated plastic cup (180 ml volume) in plastic
trays (37x28x4.5 cm) prior transferred to the
aquaponics systems.

Experiment Design
We used two types of household-scale
aquaponics (vertical and horizontal) systems
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with nutrient film technique (NFT) method.
The vertical system grow beds consists of four
PVC (A to D) pipes arranged consecutively
starting with the PVC pipe “A” in the lowest,
and pipe “D” in the 100 cm high above the
fish tank, The horizontal system grow beds
consists of four PVC gutters directly placed
horizontally above the fish tank. Each PVC
pipe or gutter has nine plant holes. Each plas-
tic cup containing one Pak Choy seedling
was then placed in each PVC pipe or gutter

180 cm
l — e

2 = - . A

< 200 cm >

holes. According to Somerville et al. (2014),
an aquaponics system with a fish tank size up
to 1000 liters and growing space of about 3
m? are appropriate for household-scale pro-
duction (Figure 1). Water parameter (pH, tem-
perature, and TDS) was recorded daily for 5
weeks using handheld tester (Adwa AD11 and
TDS-3 respectively). Both aquaponics sys-
tems were equipped with a gravel filter. The
detailed technical specification of the aqua-
ponics system was presented in Table 1.

PVC Gutter
200x12x1Tem

100 cm

Figure 1. The household-scale of A. Vertical and B. Horizontal aquaponics system

Table 1. Technical specifications of household-scale aquaponics system

Type

Structure

Vertical

Horizontal

Frames material
Fish tanks material

Grow beds

Fish tank dimension

(H)
Water volume
Aerator capacity
Water flow rate
Water filter materials
Initial pH in average
Initial TDS in average

Initial temperature in average

PVC pipe 180 cm (L) x 8.89 cm (Q)

200 cm (L) x 100 cm (W) x 100 cm

Lightweight steel truss
Plastic sheeting

PVC gutter 200 cm (L) x 12 ecm (W) x
11 cm (H)

200 cm (L) x 100 cm (W) x 60 cm (H)

0,8 m?
176 liters / min
6.3 liters / min

Gravel filter in PVC pipes, 85 cm (H) x 16.51 cm (@)

7,2
101 ppm
27°C
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Growth Parameters

The growth parameters of Pak Choy
were fresh weight, leaf number and leaf area.
The fresh weight and leaf number were re-
corded weekly; however, the leaf area was
recorded at the end of the observation (5th
weeks after planting) from 3 samples of each
PVC pipes (vertical system) or gutters (hori-
zontal system). The catfish was maintained
for two weeks in the fish tank prior to the
Pak Choy seedlings were transferred into the
aquaponics systems and fed (2.5% of body
weight) daily with floating type feed (Hi-Pro-
Vite 781) with the feed composition of 31-
33% protein, 4-6% fat, 3-5%, fiber and 9-10%
water content. Fresh weight and leaf number
of Pak Choy were recorded weekly using a
digital balance and metal ruler, respectively.
Meanwhile, the leaf area was calculated using
a digital image analysis method (Bradshaw
et al., 2007). Leaf area of Pak Choy, as well
as FCR of catfish, was observed at the end of
the observation period. The Feed Conversion
Ratio (FCR) of catfish was calculated as feed
consumed divided by weight gain during the
culture period.

Data Analysis

The experiments were arranged in a
Completely Randomized Design (CRD) with
four treatments (grow beds position) and three
replications (Pak Choy samples in each grow
beds). Obtained data were analyzed using
Analysis of Variance (ANOVA) followed by
Duncan Multiple Range Test (DMRT) and
processed using the SPSS 16.0 statistical soft-
ware.

RESULTS AND DISCUSSION

Pak Choy Growth Parameters
Results showed that Pak Choy in the
vertical aquaponics resulted in the average
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weight gain and leaf increase per week of
4.8 g and 2.7 leaves respectively, which was
higher than in the horizontal aquaponics sys-
tem (2.7 g and 2.0 leaves). The plant in the
vertical system was exposed by the sunlight
better than the horizontal system, due to its
vertical structure, and therefore, it resulted in
better plant growth. Demsar et al. (2004) stat-
ed that the plant growth and development was
affected by daylight.

The survival rate of Pak Choy in both
aquaponics system was 100% except for gut-
ter C (88%) in the horizontal system due to the
fungi infections. There was not significantly
different in the leaf number, fresh weight, and
total leaf area among the vertical aquaponics
system grow beds. The highest growth pa-
rameters value of Pak Choy in the horizontal
aquaponics system was in gutter “A”. It was
significantly different (p<0.05) among all gut-
ters, with the exception of total leaf area in
gutter C. In general, growth parameters value
of Pak Choy in the vertical aquaponics sys-
tem was higher than that in the horizontal
(Table 2). However, this was higher than the
Pak Choy fresh weight and leaf number in a
hydroponic solution containing inorganic and
organic nutrition (3:1) (Priadi et al., 2017).
The highest average leaf number and fresh
weight was 10.8 and 22.8 g respectively, and
it was obtained from gutter “A”.

All growth parameter value of Pak
Choy in the vertical aquaponics system was
not significantly different among the PVC
pipes. However, the majority of growth pa-
rameters value of Pak Choy in the gutter “A”
was significantly higher compared to those
rests of gutters in the horizontal system (Table
2). It seemed that the vertical system resulted
in a better result than that horizontal system.
However, according to Khandaker & Kotzen
(2018), the residues from the substrates can
become blocked in a vertical system unlike
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the free flow of water in the horizontal system
due to the irrigation plays an important role in
vertical aquaponics.

Environmental Factor Observation

Based on the result of environmental
factor observation found that the daily water
temperature and pH of both aquaponics sys-
tem are ranged between 22-26°C and 7.2-7.4
respectively. According to Somerville et al.
(2014) and LeBannister (2016), it has met
the temperature and the pH requirement for
aquaponics. Moreover, a study conducted by
Zou et al. (2016) found that aquaponics sys-
tem could tolerate pH 6.0-9.0. We found that
the TDS level in the vertical and horizontal
aquaponics system was 666 and 682 ppm re-
spectively. A study by Ma et al. (2017) found
that the growth and N content of Pak Choy
was significantly affected by pH value. The
optimal pH for the shoot and root growth was
6.2 and 8.0 respectively. TDS represented the
dissolved nutrient salts in the fish tanks due
to waste from the fish and its feed. The TDS
level of both aquaponics systems in this study
was fluctuated and seemed to be increased up
to week-2 of the observation period that is po-
tentially toxic to the fish. Dunwoody (2013)
recommended that a TDS level of 200-400
ppm is sufficient for the aquaponics system.
Therefore, in the week-2 the groundwater has
been added to the fish tanks. Although, the
nutrient concentrations of the plant supplied
by the fish in the aquaponics system are sig-
nificantly lower for most nutrients compared
to hydroponic systems. Nevertheless, this suf-
ficient for green leafy vegetables that rarely
need additional nutritional supplementation
(Bittsanszky et al. 2016).

It seemed that the nutrient supplied by
Nile Tilapia (Oreochromis niloticus) resulted
in the higher fresh weight of Pak Choy as the
studied by Estim et al. (2019). Mangmang et
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al. (2018) suggested that the importance of
the inoculation of plant growth-promoting
rhizobacteria (PGPR) to the vegetable seeds
or seedling in the germination stage prior
transferred to the aquaponics system. The ad-
dition of nitrogen-fixing bacteria consortium
to the aquaponics system is also recommend-
ed by Ishak et al. (2018) to enhance Pak Choy
growth performance. According to Palm et
al. (2018), additional fertilizer is often used
to supplement nutrients missing from the fish
feed for the plants.

Catfish Growth Parameters

During the observation, there was no
mortality of catfish in both aquaponics sys-
tems. Catfish length and FCR was a little bit
higher (0.9 cm and 0.03 respectively) in the
vertical compared with those in the horizontal
system; however, it was 2.6 g lower in body
weight (Table 3). This value of FCR was bet-
ter than the result of Arifin et al. (2017). The
lower FCR value caused the lower feed cost
(Sopha et al. 2015). A study by Wijaya et al.
(2019) found that the catfish growth rate was
correlated with stocking density. According to
Besson (2017) and Arifin et al. (2017), FCR
is an important parameter to identify the eco-
nomic value and environmental impacts and
as technical performance indicators in the ag-
uaculture business. According to Sukoco et
al. (2016), the FCR and catfish biomass was
affected by the addition of probiotics to the
aquaponics system.

Aquaponic System

Based on this study showed that the ver-
tical aquaponic system gave a better result in
terms of the growth parameter of Pak Choy.
The vertical system is slightly complicated
than that horizontal aquaponic system. How-
ever, it is more eye-catching design as home
yard farming. The vertical system is a new
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trend in aquaponics, mainly in urban areas,
to maximize the production using the vertical
space. It is also can be used for demonstration
and exhibition purposes (Palm et al., 2018).
Moreover, Khandaker & Kotzen (2018) stated
that the vertical aquaponic system reduced the
spatial requirement for plants so that the pro-
duction more sustainable.

The inoculation of plant growth-pro-
moting rhizobacteria (PGPR) to the vegeta-
ble seeds or seedling prior transferred to the
aquaponics system as well as the addition of
biofertilizer and probiotic to the aquaponic
tanks needs to be done in the future study to
increase the nitrification process for growth
enhancement.

Table 2. The growth of Pak Choy in vertical and horizontal aquaponics system for 5 weeks after planting

Grow beds (PVC Survival rate Leaf Fresh weight Total leaf area
pipes/ gutters) (%) Number (gram) (cm?)
Vertical
A 100 120+ 04 a 251+19a 2455+ 122a
B 100 13.1+0.7a 30.2+2.1a 315.6 +69.6 a
C 100 11.1£0.8a 28.5+45a 399.0+22.2a
D 100 11.8+0.7a 31.5+57a 317.0+50.5a
Horizontal
A 100 10.8+03a 227+13a 274.6 £36.0 a
B 100 8.6+£0.5b 144+220b 2245+5.1ab
C 88 77£1.1b 13.5+£25b 168.7+12.5b
D 100 82+04b 13.8+0.8b 184.4 +£37.1 ab

Table 3. The growth of catfish in vertical and horizontal aquaponics system for 7 weeks after planting

AdUabonics svstems Survival rate Length Weight Feed Conversion Ratio
ANAPOTIES 8 (%)* (cm)* (gram)* (FCR)**
Vertical 100 232 +1.1 96.3 £13.2 0.35
Horizontal 100 223+1.1 98.9£15.6 0.32
30 20
25
= 16
= T 1z
E 15 E
£ E 81
= 10 u
5 5 4
o T T T T T 0 -

o 1 2 3 4 5
Week(s) after transplanting
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Figure 2. Growth pattern of A. Fresh weight and B. Leaf number of Pak Choy grown in

household scale aquaponics systems

Priadi et al.
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Figure 3. Total Dissolved Solids (TDS) level (ppm) in A. vertical and B. horizontal aquaponics system of

Pak Choy- Catfish for 5 weeks

Figure 4. Performance of Pak Choy A. vertical and B. horizontal aquaponics system for 5 weeks
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