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Hydroponics is a plant growing procedure in water and aquaponics is an eco-friendly, water and
energy-saving bio-integrated recirculating aquaculture system that integrates fish farming and
vegetable gardening in a symbiotic close loop system. This experiment was carried to observe the
production potentiality of broccoli in different type hydroponics like organic hydroponics (T1),
inorganic hydroponics (T2) and tilapia based aquaponics systems (Ts) each with three replicates for 106
days from 19t February to 4% June, 2018. Three kg vermicompost as T1 was soaked in 90 L water in a
drum with a net bag and after that 1 kg vermicompost was added weekly discarding the old one. In
case of T, 28.50 g mixed fertilizer composed of 5g urea, 7.50g TSP, 5g MOP, 5g dolomite, 5g DAP, 0.50
g boron and 0.50 g iron were added in 90 L water and after seven days 22.80 g was added fortnightly.
In the aquaponics tank, 10 healthy tilapia fingerlings were released in the same amount of water and
30% protein containing commercial floating feed was fed twice daily at the rate of 3% body weight.
Sampling were carried out fortnightly for collecting different parameters of broccoli, fish and water
quality. Significantly (P<0.01) the highest broccoli production was found in T2 (11.79+0.51 tons/ha/106
days) followed by T3 (4.7740.85 tons/ha/106 days) and the least was in T1(2.24+0.14 tons/ha/106
days). The analysis showed that, the leaf area, root length and weight were statistically similar in all
the three treatments. Fish production was 21.55+3.36 tons/ha/106 days. Nutritional composition of
broccoli was also highest in T, except moisture and ash content. Water dissolved oxygen, electrical
conductivity, ammonia, nitrate, nitrogen and phosphorus concentration were suitable for growing
broccoli in T2. Whereas in T3, ammonia concentration was high for fish. Broccoli production at higher
temperature (31.40 to 36.00°C) in the laboratory than the optimum temperature was possible. Further
experiment is needed to carry out in larger areas with different crops and fishes before extension in
the field level.

Copyright ©2020 by authors and BAURES. This work is licensed under the Creative Commons Attribution International License (CC By 4.0).

Introduction

Bangladesh

is pre-eminently an agrarian country.

loop food production system combining hydroponic crop
production with recirculating aquaculture (Shafahi and

Various natural calamities like cyclone, drought and
flood hamper its food production and cause fluctuation
in supply round the year (Majumder, 2013). Hydroponics
and aquaponics can be possible solution to the problems
and using these techniques crops without soil can be
grown. Hydroponics is the process of growing plants in
water or nutrient solutions (Pandey et al., 2009; Sardare
and Admane, 2019) in a liquid nutrient solution with or
without the wuse of artificial media. Water is
supplemented with plants macro and micronutrients in
hydroponics such as nitrogen, calcium, potassium,
sodium, magnesium and iron (Téllez and Merino, 2012;
Lazar et al., 2015). By contrast, aquaponics is a closed

Woolston, 2014; Schmautz et al., 2016). In this process,
dissolved waste products are filtered and used by plants
as a nutrient source and thus the system performs like
the natural ecosystem (Timmons et al., 2002; Yildiz et al.,
2017; Lennard and Goddek, 2019). Broccoli (Brassica
oleracea var. italica) is a cruciferous cool (18 to 24°C)
season crop which is very popular throughout the world
(Tindall, 1992). It is consumed both fresh and ripe but
also as processed and is rich in- vitamin A, vitamin C,
riboflavin, iron, calcium and other nutrients necessary
for strengthening innate immune system (Nasr and
Ragab, 2000; Wadmare et al., 2019). Moreover, tilapia
(Oreochromis niloticus) is one of the most common
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fishes used in aquaponics and can withstand a wide
range of environmental condition.

Fertilizers are important source of plants
nutrients which can be used as a solution in hydroponics.
Vermicompost is a nutrient rich low-cost organic
fertilizer which contains most of the nutrients such as-
nitrates, phosphates, exchangeable calcium and soluble
potassium which plants can easily absorb (Orozco et al.,
1996; Edwards, 1998). Chemical fertilizers are also
widely used for growing plants. But, in hydroponics a
single fertilizer is not enough for growing plants (lkeda
and Tan, 1998). Mixed fertilizer contains more than one
primary nutrients such as- MAP, DAP, potassium, nitrate,
ammonium and sulphate those are essential for plants
growth (White, 2006) and these are seldom used in
hydroponic culture. Higher yields can be achieved using
mixed fertilizers over a single fertilizer (Islam et al.,
2017). Vermicompost and fish waste are effective for
producing organic vegetables through the techniques.
Little research has been conducted on the utilization of
mixed fertilizer and vermicompost as sources of
nutrients for hydroponic culture of vegetables. The study
was carried out to compare broccoli yield, plant growth,
proximate composition of broccoli and plants and water
quality variation in organic hydroponics using
vermicompost, inorganic hydroponics using mixed
fertilizer and tilapia based aquaponics system. In
addition, feasibility of producing broccoli in higher
temperature than the optimum temperature was also
studied.

Materials and Methods
Study site

The experiment was carried out in the “BAU Aquaponics
Oasis” Laboratory, Department of Aquaculture, Faculty
of Fisheries, Bangladesh Agricultural University (BAU),
Mymensingh. It is situated at latitude 24°43'34"” and
longitude 90°26'05"”. The duration of the experiment
was 106 days from 19t February to 4% June, 2018.

Experimental design

The experimental design was comprised of nine half
drums, three containing vermicompost solution as
organic hydroponics, three containing mixed fertilizer
solution called inorganic hydroponics and three fish
holding drums, respectively. Moreover, nine plastic jerry
canes for broccoli growing bed, plastic pipes, nine
aerators and irrigation pumps for each replication were
used. Area of a half drum and vegetable bed were 0.26
and 0.11 m? respectively. Three treatments were
denoted as Ti1, T2 and Ts. Each treatment had three
replications and were arranged in randomized block
design (RBD). The hydroponics as well as fish tanks were
kept open.

Nadia et al.

All the half drums were filled with 90 L water. After
plantation, 12-watt submergible pump was used to
irrigate fish tank water and hydroponic solution to the
vegetable growing beds from 9 AM to 5 PM (Fig. 1).
However, aeration was continued for 24 hrs. in each tank
up to the end of the experiment.

Setting up hydroponics and aquaponics systems

At first, 3 kg vermicompost was taken into a double
folded nylon net and shaped into sack and hang from a
bamboo stick into the half drum water. After 10 days, old
vermicompost was discarded and 1 kg vermicompost
was added in each week until the end of the experiment.
In T, mixed fertilizers such as urea, TSP, MOP, dolomite,
DAP, boron and iron at 5, 7.50, 5, 5, 5, 0.50 and 0.50 g
was added in 90 L water, respectively. After that 80% of
the initial weight of fertilizer (22.80 g) was added
fortnightly. Ten healthy tilapia fingerlings with mean
initial length of 11.61+0.93 cm and weight of 33.71+3.92
g were released into aquaponics tank (T3). Fish was fed
with commercial floating feed containing 30% protein
twice daily at 9 AM and 5 PM up at the rate of 3% body
weight.

Media bed preparation and planting broccoli

Nine plastic jerry canes were used as broccoli bed. One
side of the 35 L cane was cut and shaped it like a baby
bath tub. A hole of %" was made at the bottom of each
bed to drain the water from the bed to the fish and
hydroponics tanks keeping little water at the bottom for
the plants. A stand pipe with several holes was set at one
corner of the bed to collect and easily drain the water
through a pipe. The broccoli bed was filled with 5to 7 cm
size brick-lets after washing. Two broccoli saplings were
planted in equal distance in each bed.

Sampling and harvesting broccoli

Plant height, leaf number and leaf area were measured
fortnightly. A hand held measuring tape was used to
measure the plant height, leaf length and width. Leaf
area was measured by multiplying the length and width
of the leaf. The chlorophyll content of broccoli leaf was
measured with a ‘SPAD 502 Plus Chlorophyll Meter’
fortnightly. The broccoli was harvested when matured
and weighed with an electric balance. At the end of the
experiment, all the plants were uprooted carefully from
the bed and root of the plants were cut from the stem by
a sharp knife and length and weight of plant and root
were measured. Proximate composition such as-
moisture, crude protein, crude lipid, crude fiber, ash and
NFE (nitrogen free extract) of broccoli and plants were
measured following AOAC (2019) method in the Fish
Nutrition Laboratory, Department of Aquaculture, BAU,
Mymensingh.
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Figure 1. Layout of a typical hydroponics and aquaponics set-up used in the hydroponics and aquaponics systems

Sampling and harvesting fish

Fish sampling was done fortnightly. All the fishes were
caught by a scoop net from the fish tank and length and
weight of individual fish were measured. After
completion of the experiment all the fishes were caught
and survival rate, feed conversion ratio (FCR), length
gain, weight gain, specific growth rate (SGR) and fish
production were calculated.

Water quality parameters

Dissolved oxygen (DO), pH and temperature of tank
water were measured with hand held DO meter, pH
meter and thermometer, respectively. Whereas,
ammonia, nitrite, and nitrate were measured with ‘API
Freshwater Master Test Kit' fortnightly. Moreover,
electrical conductivity (EC) was measured with hand held
EC measuring meter and other nutrients such as- sodium
(Na), potassium (K), carbonates (COs*), hydrogen
carbonates (HCOs’), total nitrogen (N), sulphur (S) and
phosphorus (P) were measured in the ‘Humboldt Soil

Testing Laboratory’ Department of Soil Science, BAU,
Mymensingh three times during experiment.
Data processing and analysis

All the collected data were loaded in the computer using
Microsoft Excel version 2013. Data analysis was
performed using SPSS (Version 16.00) software, with an
alpha set at 0.05 (significance at P<0.05) and the data
were tested with one-way ANOVA and Duncan’s Multiple
Range Test (DMRT) was used to compare the means to
show the significant differences between the
treatments.

Results
Broccoli growth performances and production

The highest mean plant height, leaf number and leaf area
of broccoli were observed (73.90+8.51 cm, 34.3314.13
and 444.29+176.46 cm?, respectively) in T2 (Fig. 2; Fig. 3;
Table 1). On the other hand, moderate mean plant
height, leaf number and leaf area were observed in T3
and the least mean plant height, leaf number and leaf
area were found in T1 where vermicompost leach was
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used. The similar trend was also found with chlorophyll
content in broccoli leaf as well, where the SPAD readings
were 60.31+4.03, 57.70+2.07 and 43.46110.07 in T2, T3
and Ti, respectively those were significantly different
(Fig. 4). After harvest, the broccoli plant weight and
broccoli production in all the treatments were highly
significantly different (P< 0.01) (Table 2). On the other
hand, the mean root length and weight were not
significantly different among the treatments (Table 2).
The highest protein, lipid, fiber and NFE of broccoli were
4.54+0.52, 0.45+0.07, 6.47+0.01 and 1.2910.22 %,
respectively found in T2 (Table 3). Moreover, moisture,
protein, lipid, fiber, ash and NFE content range in plants
were 86.20+0.63-86.86+0.45, 2.28+0.01-2.66%0.11,
0.44+0.05-0.49+0.08, 6.57+0.47-6.77+0.60, 2.84+0.05-
2.95+0.21 and 0.9610.18-1.01+0.11 %, respectively. The

protein contents of plant and broccoli in three
treatments were significantly and other components
were not significantly different.

Tilapia growth and production

The initial mean length, final mean length and mean
length gain of tilapia were 11.61+0.93, 16.35+1.07 and
4.74+0.67 cm, respectively (Fig. 5; Table 4). Moreover,
the mean weight gain of fish was 32.44+1.21 g (Table 4).
On the other hand, the specific growth rate, FCR and
survival rate were 0.65+0.20 %, 3.2+0.11 and 86.66 %,
respectively shown in Table 4. Whereas, tilapia
production was achieved 21.55+3.36 tons/ha/106 days
(Table 4).
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Figure 2. Plant height (cm +SD) of broccoli in different sampling dates in hydroponics and aquaponics systems (vertical bar of

each treatment represents the standard deviation)
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Figure 3. Leaf number (number +SD) of broccoli in different sampling dates in hydroponics and aquaponics systems (vertical bar

of each treatment represents the standard deviation)
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Figure 4. The leaf chlorophyll content (SPAD +SD) of broccoli in hydroponics and aquaponics systems. Vertical bar of each
treatment represents standard deviation and values in columns with different letters are significantly different at P<0.05.

Table 1. Variation of leaf area in three treatments in hydroponics and aquaponics systems

Leaf area (cm?)

Sampling dates T T T Significance
Day 0 26.1045.39 25.77+8.82 22.43+2.44 NS
Day 15 70.93+18.57 72.91+18.07 48.41+20.97 NS
Day 30 117.60+43.09 158.05+£76.59 119.74+41.51 NS
Day 45 132.74+44.49 188.27+81.53 164.45+75.03 NS
Day 60 177.83+44.68 236.62+111.65 188.32+49.14 NS
Day 75 218.59+34.69 314.95+134.77 229.33144.98 NS
Day 90 268.03%£32.59 415.00+187.56 277.67+14.88 NS
Day 105 296.39£21.03 444.29+176.46 318.74+28.30 NS

T.= Treatment 1 (organic hydroponics), T>= Treatment 2 (inorganic hydroponics), Ts= Treatment 3 (aquaponics). In rows, NS means non-
significance that indicates that P> 0.05. Values are meanSD.

Table 2. Plant weight, root length, root weight and production of broccoli in hydroponics and aquaponics systems

Parameters T1 T2 T3 Significance
Plants weight (g) 257.60+44.07a 601.99+168.26b 369.05+214.62a *k
Root length (cm) 18.50+4.28 27.3315.89 24.83+7.68 NS
Root weight (g) 32.43+21.40 62.59+48.83 25.15+8.40 NS
Broccoli production (t/ha/106 d) 2.24+0.14a 11.79+0.51c 4.77+0.85b **

Ti= Treatment 1 (organic hydroponics), T.= Treatment 2 (inorganic hydroponics), Ts= Treatment 3 (aquaponics). In rows, values with different
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, ** indicates that significant at P<0.01 and NS means non-
significance that indicates that P>0.05. Values are mean+SD.

Table 3. Moisture, protein, lipid, fiber, ash content and NFE in broccoli and broccoli plant in hydroponics and aquaponics systems

Percentage o
Components Significance
T1 T2 T3
Moisture Broccoli 88.75+0.41b 86.21+0.53a 87.8910.40b *x
Plant 86.86+0.45 86.20+0.63 86.26+0.17 NS
. Broccoli 3.26+0.01a 4.54+0.52b 3.41+0.43a *
Protein
Plant 2.28+0.01a 2.660.11b 2.61+0.05b **
Lipid Broccoli 0.44+0.03 0.45+0.07 0.43+0.06 NS
P Plant 0.44+0.05 0.49+0.08 0.47+0.11 NS
Fiber Broccoli 5.55+1.04 6.47+0.01 5.98+0.03 NS
Plant 6.57+0.47 6.77+0.60 6.67+0.29 NS
Ash Broccoli 1.18+0.18 1.04+0.03 1.30+0.10 NS
Plant 2.84+0.05 2.93+0.15 2.95+0.21 NS
NFE Broccoli 0.82+1.02 1.29+0.22 0.99+0.21 NS
Plant 1.01+0.11 0.96+0.18 1.03+0.23 NS

Ti= Treatment 1 (organic hydroponics), T.= Treatment 2 (inorganic hydroponics), Tz= Treatment 3 (aguaponics). In rows, values with different
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, * indicates that significant at P< 0.05, ** indicates that
significant at P< 0.01 and NS means non-significance that indicates that P> 0.05. Values are meanSD.
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Broccoli Production in Hydroponics and Aquaponics Systems

Water quality parameters

In the present study, the room temperature of the
laboratory was ranged from 31.40 to 36.00°C (Fig. 6),
whereas, the highest and the lowest mean water
temperature was 26.75+0.47 and 26.70+0.44°C in T1 and
Ts, respectively (Table 5). The recorded highest and the
lowest pH value were 7.90£0.13 and 6.53+0.36 found in
Ti1and T2, respectively and significant variations among
treatments were found (Table 5). The highest mean
dissolved oxygen (DO) was 8.00+0.13 mg/L observed in
T, during the present study. Moreover, the highest
concentration of ammonia, nitrite and nitrate were
observed 2.67+1.15, 2.13+1.03 and 27.92+12.84 mg/L,
respectively in T2 depicted in Table 5. The electrical
conductivity (EC) was highly significantly different among
the treatments on third sampling and the highest was
also in T2 (Table 6). The highest mean value of Na, K, COs*
and HCOs were found higher in T1than T2 and Ts. The
COs? concentrations were zero in first two samplings in
all treatments (Table 6). On the other hand, gradual
increase of HCOs™ was observed in T1 but decreased in
the other treatments. At the end of the experiment, the
mean highest and the lowest concentrations of total-
nitrogen (N) were 5.63%2.40 and 4.23+0.06 mg/L in T»
and Ti, respectively (Table 6). Moreover, the Ti
contained higher sulfur (S) concentration than the other
treatments which might have contributed in lower
broccoli production. The highest mean value of
phosphorus (P) was found 44.83£3.11 mg/Lin T2 and the
lowest was 8.12+1.16 mg/L observed in T3 (Table 6).

Discussion
Broccoli growth performances and production

The highest broccoli plant height was 73.90+8.51 cm
observed in T among the three treatments (Fig. 2).
Nitrogen is an important component for cell division and
enlargement of cells in the apical meristem which
enhances plant height (Purbajanti et al, 2019).
Continuous supply of soluble mixed fertilizers in the
water enhanced the nitrogen availability for plants which
resulted in the highest plant height in T.. Yadav et al.
(2016) reported that broccoli plant height was 63.90 cm
in vermicompost supplemented soil based cultivation.
The number of leaves in all the treatments corroborated
with the findings (16.00 to 28.60) of Yadav et al. (2016)
but much higher than the findings (2.2 to 10) of
Getachew et al. (2016) in traditional soil based broccoli
culture. The recorded highest leaf area (444.29+176.46
cm?) was also found in T in the present experiment
which was in agreement with the result of da Silva et al.
(2016) who reported the highest leaf area 470.57 cm? of
broccoli.

After harvest, fresh weights of plants were
257.60444.07,601.994+168.26 and 369.05+214.62 gin Ty,
T2 and T3, respectively. The root length in the present
experiment (18.50+4.28 to 27.33+5.89 cm) were more or
less similar to the findings of Shapla et al. (2014), where
they recorded the root length ranging from 20.50 to
25.30 cm. Getachew et al. (2016) found lower root
length (11.13 c¢m) of broccoli planted in February than
the present study. Roots length depends on available
nutrients for root apical meristem (RAM) zone. In Ts, the
nutrients available in fish tank influenced more
effectively than the nutrients in T: for roots vertical
growth (Table 2). However, the weight of the roots
(25.1548.40 to 62.59+48.83 g) were much higher in the
present experiment than the findings of Shapla et al.
(2014), where they obtained 19.40 to 23.00 g root weight
only. In the present study, the mean root weight was
comparatively higher in inorganic hydroponics than
organic hydroponics and aquaponics systems. It might be
due to the high concentration of fertilizers added in
regular interval. But, mean root weight of T1 was higher
than T3 which indicated that, the available nutrients in
the vermicompost tea was more effective for roots mass
growth or secondary root formation than Ts. Significantly
higher mean chlorophyll content of broccoli leaf was
found with T2 than Tsand Tz (Fig. 4) and the values were
corroborated with the findings of Mellgren (2008),
where the researcher used moderate irrigation and
supplement nitrogen fertilizer in broccoli production.
The higher nitrogen application was responsible for
chlorophyll content increase or greenness of the plant
(Ambrosini et al.,, 2015). So, the higher chlorophyll
content in T2 might be due to the presence of higher
nitrogen inorganic fertilizers. In Ts, fish feed and waste
were the main sources of nitrogen which resulted in
higher chlorophyll content than Ti. The broccoli
production in all the three treatments were 2.24+0.14,
11.794¢0.51 and 4.77#0.85 tons/ha/106 days,
respectively and the values were highly significantly
(P<0.01) different (Table 2). Whereas Almaliotis et al.
(2007) reported broccoli production 3.15 to 14.42
tons/ha which was close to the present result. In the
present study, the chemical fertilizers had the higher
effect on broccoli growth performances than the
vermicompost leach based hydroponics and aquaponics
systems as mixed fertilizers results in higher production
(Islam et al., 2017). Moreover, Hafiz et al. (2015)
produced 5.17 to 23.21 tons/ha broccoli using five
genotypes and in the present study, such higher
production might not be possible as the head quality of
broccoli is influenced by temperature and hot climate
decreases the growth rate of broccoli (Tindall, 1992;
Santipracha, 2007; Getachew et al., 2016).
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Figure 5. Length (cm +SD) and weight (g +SD) of tilapia in different sampling dates in the present hydroponics and aquaponics
study (vertical bar of each treatment represents the standard deviation)

Table 4. Growth performances of tilapia in the hydroponics and aquaponics systems

Parameters Value
Mean length gain (cm) 4.74+0.67
Percent length gain (%) 61.4610.44
Mean weight gain (g) 32.44+1.21
Percent weight gain (%) 96.23+1.78
Specific growth rate (SGR) 0.65+0.20
Feed conversion ratio (FCR) 3.240.11
Survival rate (%) 86.66
Production (tons/ha/106 days) 21.55+3.36
38
37
~ 36
o
- 35
2
2
s 34
@
2
£ 33
&
g 32
5]
3
o3l
30

Day 0 Day 15 Day30 Day45 Day 60 Day75 Day 90 Day 105
Sampling Dates

Figure 6. Room temperature (°C) in different sampling dates

Table 5. Mean water temperature (°C +SD), pH (+SD), dissolved oxygen (DO), ammonia, nitrite and nitrate (mg/L +SD) found in
the hydroponics and aquaponics systems

Parameters T1 T2 T3 Significance
Temperature (°C) 26.75+0.47 26.71+0.46 26.70+0.44 NS
pH 7.9040.13¢ 6.5310.36° 7.16+0.16° **
Dissolved oxygen (mg/L) 7.8840.15 8.00+0.13 7.8940.15 NS
Ammonia (mg/L) 0.13+0.082 2.67+1.25° 0.79+0.47°2 **
Nitrite (mg/L) 0.00£0.00° 2.13+1.03° 1.58+1.44° **
Nitrate (mg/L) 2.08+1.182 27.92+12.84°¢ 17.5049.55° **

Ti= Treatment 1 (organic hydroponics), T.= Treatment 2 (inorganic hydroponics), Tz= Treatment 3 (aguaponics). In rows, values with different
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, ** indicates that significant at P< 0.01 and NS means non-
significance that indicates that P> 0.05. Values are mean+SD.
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Table 6. Electrical conductivity (EC) and other nutrients (Na, K, CO32-, HCO3-, N, S and P) in the hydroponics and aquaponics

systems
Parameters Sampling Dates Ta T2 T Significance
Day 0 747.00+0.00 747.00%£0.00 747.00+0.00 -
f:s/cm) Day 53 1523.02+40.15° 1939.11+119.87° 1339.09+267.74° *
Day 105 2093.13+92.92° 3211.13+181.07¢ 1469.07+113.212 **
Day 0 109.25+0.00 109.25+0.00 109.25+0.00 -
;\‘rT?g/L) Day 53 355.30+10.69¢ 295.07+40.51° 164.01+4.96° **
Day 105 401.50+40.91¢ 313.07+21.52° 108.93+3.81° **
Day 0 1.21+0.00 1.21+0.00 1.21+0.00 -
;(mg/L) Day 53 75.60%5.05¢ 57.62+11.29° 4.97+0.37° *x
Day 105 84.63+10.76¢ 65.14+12.11° 2.61+0.87° *x
COu™ Day 0 0.00+0.00 0.00+0.00 0.00+0.00 -
(m;/L) Day 53 0.00+0.00 0.00+0.00 0.00+0.00 -
Day 105 59.3346.11° 11.67+11.06° 2.0043.46° *x
Day 0 286.70+0.00 286.70+0.00 286.70+0.00 -
HCOs (mg/L) Day 53 336.27+3.06¢ 68.91+10.022 246.63+9.18° *x
Day 105 378.23+9.21°¢ 79.62+20.932 155.47+3.05° *x
Day 0 2.80£0.00 2.80+0.00 2.8040.00 -
;\‘mg/L) Day 53 0.7720.71 3.2043.29 1.50+1.41 NS
Day 105 4.230.06 5.63+2.40 4.670.81 NS
Day 0 3.47+0.00 3.4740.00 3.4740.00 -
(Smg/L) Day 53 6.81+0.50 5.49+1.75 3.57+1.32 NS
Day 105 11.97+0.68° 4.72+2.99° 3.39£0.80° *x
p Day 0 0.290.00 0.29+0.00 0.29+0.00 -
(me/L) Day 53 28.32+3.50° 29.43+4.04° 2.26+0.43° *x
Day 105 11.91+2.85° 44.83+3.11° 8.12+1.16° *x

Ti= Treatment 1 (organic hydroponics), T.= Treatment 2 (inorganic hydroponics), T3= Treatment 3 (aquaponics). In rows, values with different
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, * indicates that significant at P< 0.05 ** indicates that
significant at P<0.01 and NS means non-significance that indicates that P> 0.05. Values are meanSD.

The proximate composition of broccoli, were in
agreement with the findings of Wadmare et al. (2019),
where they reported the moisture 86.36%, carbohydrate
5.59%, protein 4.89% and fat 0.37%. The highest values
of proximate composition in the present experiment was
in T2 (Table 3) indicating the availability of nutrients for
broccoli growth in the water than the other two
treatments.

Tilapia growth and production

In the present study, the mean length gain of tilapia was
4.74+0.67 cm and percent length gain 61.46+0.44 %
(Table 4). The percent length gain was higher than the
findings of Akter et al. (2020) (28.91+4.53 %). However,
the mean weight gain and percent weight gain were
lower in the present experiment than the outcome of
Afrin et al. (2018), where, they reported the weight gain
of tilapia was 43.3448.20 g after 105 days. Moreover, the
specific growth rate (0.65+0.20 %) of the present
experiment was lower than the findings of Fatema et al.
(2017). In the present study, the FCR was 3.2+0.11 which
was higher than the findings (2.73) of Salam et al. (2014).
On the other hand, Akter et al. (2020) recorded FCR of
tilapia 3.6 in control which was higher than the present
experiment. The survival rate of tilapia was 86.66% in the
present experiment and that was lower than the finding
of Afrin et al. (2018). Moreover, the tilapia production
(21.55+3.36 tons/ha/106 days) was in line with the

finding of Akter et al. (2020) who obtained 19.55 +1.56
t0 26.27 £2.47 ton/ta/60 days tilapia production . But the
tilapia production was much lower (Table 4) than the
findings (130 tons/ha/116 days) of Salam et al. (2014).
Lower SGR, lower tilapia production and high FCR in the
present experiment might be due to the experiment
conducted at the end of the winter when fishes did not
eat properly and feed wastage developed higher
ammonia concentration in the fish tank resulting in slow
growth response.

Water quality parameters

The highest and the lowest mean water temperature
were reported in Ti and Ts, respectively (Table 5).
Optimum temperature for broccoli is 18 to 24°C (Tindall,
1992; Grevsen, 1998; Getachew et al., 2016). The higher
temperature might have affected the production of
broccoli in the present study as more than 30°C
temperature lower broccoli production (Warland et al.,
2006). However, the recorded temperature was within
suitable range for tilapia, as Losordo et al. (1998)
reported that, the optimum temperature for tilapia
growth is 27 to 29°C. The pH range was not favorable for
broccoli production and suitable pH for broccoli
production is below 6.0 (Margareta, 2000). But,
according to Maynard and Hochmuth (1997), the pH
tolerance of plants ranges from 5.0 to 7.6 depending on
species. The pH range of Tz is in line with the findings of
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Tyson et al. (2014) suggested that the best pH range for
tilapia growth is 7.0-9.0. Dissolved oxygen (DO) in
hydroponics and aquaponics is important for roots
continuous respiration though plants roots can adjust
with the lower oxygen (Goto et al.,, 1996). The DO values
recorded in the present study was corroborated with the
findings of Afrin et al. (2018) on aquaponics system.
Téllez and Merino (2012) mentioned that, the required
oxygen solubility in hydroponics system are 8.26 and
7.56 mg/L, respectively in 25 and 30°C temperature. The
mean values of ammonia, nitrite and nitrate were
highest in T2 and the lowest in T1 (Table 5). Urea and DAP
(Di-ammonium phosphate) contributed in T2 for highest
ammonia. According to Alexandrova and Jorgensen
(2007), in aqueous solution urea decomposes into CO2
and ammonia and the reaction depends on pH,
temperature and microbial community in the water. DAP
also decomposes into plants available ammonia and
phosphate (Bolan et al. 2003). The ammonia
concentrations obtained in the present experiment were
higher than the maximum tolerable level agreed by Pillay
and Kutty (2005) for fish culture in T3 and uneaten feed
was responsible for high ammonia. But the mean
ammonia, nitrate and nitrite of Tz was lower than T, and
it might be due to nutrients loss, denitrification and
ammonia volatilization (Neto and Ostrensky, 2015;
Wongkiew et al., 2017).

The EC level in T1 and Tz in the present study
were below the threshold level except in T2 for broccoli
production (Jensen and Collins, 1985; Tanji and
Wallender, 2012). The Na values were lower than the
recommended values of Bittsanszky et al. (2016) for both
hydroponics and aquaponics systems. The highest and
the lowest total-nitrogen (N) concentration were
5.6312.40 and 4.23%0.06 mg/L, found in T, and Ty,
respectively (Table 6) which were lower than the
recommendation of Lépez et al. (2016) for hydroponics
broccoli production. Though, in case of aquaponics, fish
feces contains 10 to 40% N (Schneider et al., 2004),
denitrification also can lead to a loss of 25-60% of the N
depending on the presence and load of facultative
heterotrophic bacteria in the tank (Eck et al. 2019, Zou et
al. 2016). The highest P level was detected in T2 (Table 6)
and it might be due to TSP and DAP fertilizers inclusion
in the solution of T.. On the other hand, most of the
nutrients recorded in T3 were in agreement with the
study by Afrin et al. (2018).

Conclusion

In the present study, the broccoli production was
possible at high temperature (31.40 to 36°C) in all the
treatments. Most of the growth parameters of broccoli,
proximate composition and production were higher in
inorganic hydroponics solution (T2) followed by
aquaponics (T3) and organic hydroponics systems (T1),
respectively. Fish as well as broccoli production was

satisfactory in aquaponics system where fish poo acted
as fertilizer for broccoli production. Therefore, it can be
concluded that the high nutrients and vitamins
containing broccoli production is possible in organic
hydroponics as well as in aquaponics systems even at
higher temperature. So, further pilot study is needed to
carry out in other areas with other potential indigenous
crops and fishes with analyzing benefit-cost ratio before
extension in the field level.
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