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Abstract

In 21% century one of the environmentally sustainable farming method, an integrated agri-aquaculture system and a viable food
growing technology which connects consecutive aquaculture with hydroponics in a symbiotic condition will be adopted by
farmers to meet the demand of the growing population. The present research was accomplished to evaluate the relative
performance of gravel media (M1), coconut husk media (M2) and a composite media of gravels and coconut husk (1:1V) (M3)
as media in aquaponic system to grow green gram (Vigna radiata) and Nile tilapia (Oreochromis niloticus). Each treatment
had three replications of similar bedding media. The resultant effects of these treatments revealed better performance of Vigha
radiata in the treatment T1 performed best followed by T2 and T3, respectively in terms of media plant growth performances
was noted to be in the following order M3> M2>M1 with respect to duration of plant growth in different growth periods, plant
height, number of leaves per plant, leaf area and number of branch per plant. Gravel substrate grown Vigna radiate showed
least performance in growth propagation. The selected media and treatment methods, the water and nutrient quality supports
for fish and plant growth. At the end of experiment the length and weight gain of experiment fish was 84.95+0.84 cm;
142.5+0.03gm. In the present study the survival rate of fishes were 95% and above in all the selected treatments. So, the
present experimental study proves aquaponic as an alternative uses of agricultural by-products due to superior growth

observed in this study, it is also highly recommendable due recycling and conversion of waste to product.
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Introduction

In developing countries like India due to urbanization and
industrialization  shrinking  total  agriculture land,
uncontrolled population growth, complex and unpredictable
weather create new challenges to the country’s agriculture.
In addition, to get rid of pollution issues cause by fish waste
have raised interest in developing a new form of crop
production method, Aquaponics, a valid option to an
integrated agricultural system (Islam et al, 2018a) 1. Thus,
development of food and animal production system is
currently crucial to meet the demands of growing global
population in a substantial, ecofriendly and organic way.
With this context one of the old concepts of integrated
science, the Aquaponics, an innovative agricultural strategy
has been recently received a huge attention to produce more
and sustainable food. Moreover to reduce environmental
problems related to agricultural and fish industry and to
maintain food safety the trend of hydroponics and
aquaponic are currently adopted by many agricultural
societies. This innovative system also offers solution to
several sustainability issues, such as pollution, over
consumption of water availability and over usage of
fertilizers which deplete soil fertility.

Thus, hydroponics systems provide optimized conditions for
growth of plant with respect to supply of water and nutrients
and the potential of plants to use the nutrient by-products of
aquaculture and to keep the recirculating water clean states
that this system from environment point of view are
recommended as it reduce discharge of nutrient-enriched
water and thus prevent eutrophication of neighbouring
waters. The above statement was supported by Rakocy et al,
2006 1 who too suggested that this recirculating system

helps in leading to a reduction in high ammonia levels in the
fish tank, which can otherwise be harmful to fish. According
to Lal, 2016 ¥ in order to feed the estimated 11 billion
people in the world by 2100 and to pay more attention to
food safety and human health and studies of Tzortzakis &
Economakis, 2008 [31; Gruda, 2009 ; Tyson et al 2011
(341 Sharma et al, 2018 1°!; Wilson Lenard and James Ward,
2019 too supports and proves that aquaponics concept of
vegetables and fish production proves healthy and nutritious
products in soil less and resource efficient system proving
positive effects on both biomass and quality.

Integrated culture has been practiced from generation to
generation in many countries extensively and semi
extensively But now using different techniques and growing
media and soil less system plants are grown in an organic
manner and fishes were grown in unpolluted environment
which are helping the society to lead a hygienic, health and
safety life. As green gram and tilapia are the best plant and
animal which supports aquapoics and hydroponics in the
present study Green Gram/ Mung bean (Vigna radiata L.)
R. Wilczek which is a common and the most important food
crop cultivated in South East Asia (Singh and Singh, 1992)
was selected as experimental plant. This leguminous plant is
the third most important pulse crop of India which is
popular, cheap nutritious food consumed by public as they
are rich in protein (30%) and Carbohydrate (60%) of its dry
weight respectively (Wongsiri et al, 2015) B8, fat (1.5%),
amino acids, vitamins and minerals etc. (Mubarak, 2005)
21 In India 3.80 million hectares was used to cultivate
Vigna radiata and an annual production of 1.1 million
tonnes was recorded. In Tamil Nadu, 0.13 million hectares
area was used for Vigna radiata production which yields an
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annual production of 458.8 tonnes. Similarly, Tilapia -
Oreochromis niloticus, the fourth mostly commonly
consumed fish was selected as experimental animal as they
are very resilient to changes in pH, pollutants, temperature
and also it grows quickly, has a good food conversion rate,
available throughout the season and consumed by most of
the people (Johanson, 2009 [*31; Timmons and Ebling, 2010
(331,

Food safety is a vital component of food production and
aquaponic farmers must follow available codes of good
practice and apply biosecurity  protocols  for
both aquaculture and horticulture components. As in all crop
production systems cross-contamination is possible. Fox et
al, 2012 09; Sirsat and Neal, 2013 % stated however, the
risk in aquaponics farming systems is low when compared
with the traditional production of field crops. Aquaponics
does not rely on chemicals for fertilizer, or control of pests
or weeds which makes food safer against potential residues.
At the same time, aquaponics can integrate livelihood
strategies to secure food and small incomes for landless and
poor households. Domestic production of food, access to
markets and the acquisition of skills are invaluable tools for
securing the empowerment and emancipation of women in
developing countries, and aquaponics can provide the
foundation for fair and sustainable socio-economic growth.
From the above discussed concept aquaponics is, therefore,
a promising, sustainable food production technology,
especially in developing/arid countries, where resources are
limited, freshwater is scare and population is increasing. So,
the present research work was taken up to prove that this
Agquaponics, a commercial sustainable system could solve to
reduce the waste discharge, minimize the environmental
pollution and produce organic products. Thus in this context
the present study was undertaken to culture the
commercially important fish  Tilapia (Oreochromis
niloticus) and green gram (Vigna radiata) combined in
agquaponics system.

Materials and Methods

Preparation of experimental setup

The present study was carried out in Aquaculture laboratory,
Department of Zoology, Nirmala College for Women,
Coimbatore in 2020-2021. The aquaponics set up was
installed in the Aquaculture laboratory and the present
analysis was carried out for a period of seven weeks. The
aquaponic system consist of the glass aquariums with
capacity of 20 liter containing airlift pipe (to the biofilter)
and submersible water pump which supply water to
hydroponic bed.

Among various types of plant and fish culture in aquaponics
system the media based aquaponic system was selected to
conduct the experiment. Three different media, gravels
(gravels size was 1-2 cm) (M1), coconut husk (M2)
composite mixture of coconut husk and gravels (M3) as
three treatments, each having three replications were used in
this experiment for Vigna radiate production. An NFT
system made of PVC pipelines (3 feet) with hole on the top
and float type i.e. raft system made of thermocol (2cm width
with six holes) was used for crop irrigation, with a rotating
biological contactor filter installed between the fish and
crop units in the system. The water was circulated from the
fish tank through the biofilter to the cultivation gutter and
back to the fish tank. In the control treatment with a
hydroponics system, the same set-up as in aquaponic
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treatment was used but without the fish and without a
biofilter. Three replicates of this treatment were also used.

Collection of experimental fish

The selected experimental fish Oreochromis niloticus was
purchased alive from Ukkadam Lake from the local fish
farmers. The live fishes were transferred into covered sterile
plastic buckets and transported to lab immediately within
few hour

Acclimatization of procured experimental fishes in
aquaponic tank

Live experimental fishes Oreochromis niloticus (100 fishes)
with a weight ranging between 5-10 gm and length of 8-
12cm were procured from Ukkadam Lake. Then the fishes
were acclimatized to the laboratory condition for 2 weeks in
large cement tank (6°x 4’ x 3’) at 24+3°C. During the study
period the fishes were fed with commercial feed twice a
day. Before starting the experiment, the entire aguaponics
system was well cleaned and kept at dry for one week. An
inlet and outlet pipe was set to the fish tank then, the tap
water was filled in the full aquaponics system tanks and the
water circulation was started in a closed condition of
aquaponics system for one week without fish. A 10-12-watt
submersible water pump irrigated the vegetable beds with
the waste water of tank through the inlet pipe and then the
clean water returned to the fish tank through the outlet pipe.
After one week, the water quality was adjusted to the level
of aquaponics water quality standard for getting appreciable
growth of the selected fish and plant yield. Then the
experimental fishes of about the same size (5-8gms and 7-10
cm) irrespective of sexes were selected for the experiment
and introduced into the experimental setup aquaponic tanks.
The plant seed containers filled with different bedding
media were placed side by side.

Collection of experimental seed, sowing and maintaining
The seeds of Vigna radiata (mung bean) were collected
from Tamilnadu Agricultural University of Coimbatore
district. The collected Vigna radiata seed were soaked
overnight later transferred to a petri plate and placed inside
a closed dark chamber for 48hrs. The germinated seeds were
transferred into the bedding trays. The fish tank water was
irrigated by submersible water pump from morning 10 am to
evening 5 pm to the Vigna radiata beds through inlet pipe.

Experimental Water and Plant parameter analysis
During the seven week of study period physical, chemical
and nutrient parameters were analyzed at an interval of two
weeks in accordance with standard methods for examination
water and wastewater (APHA, 2012). The chemical and
reagents used for analysis were all of analytical R grade and
was used without further purification. All the solutions were
prepared in double distilled water. Similarly, at an interval
of two weeks ten fishes were sampled randomly and
measured carefully for length, weight using standard
measuring scale and electronic balance respectively. At the
end of 15 day in plant samples also the following
exomorpholocial parameters like plant height, branch
number, leaf number, leaf length and width (area) were
measured with a measuring scale

Data Analysis
Fish and plant growth parameters differences in each
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treatment were analyzed by ANOVA with statistical SPSS
software tool 16.0 Version to exhibit significant differences
among the treatments at significant level of 0.05% and
0.01%.

Result and Discussion

The concept of combined production of healthy, nutritious
vegetables and high-protein fish using a water-based
nutrient delivery approach, the aquaponic system was
recently taken up by the agricultural group to meet the
global demand of growing population, to maintain health
safety and face food shortage problem (Ding et al, 2015 [I;
Bailey and Ferrarezi, 2017 BI). As the population is getting
increased day by day the land area usage too is increasing
50, to help and sustain the agriculture by the farmer resilient
community for future closed hydroponic systems integrated
with aquaculture can be adopted.

Growth performance of experimental plant - Vigna
radiata (Mung bean)

In the present study, the growth performances of selected
experimental plant Vigna radiata in selected three media
treatments (T1- Gravel; T2- Coconut husk; T3- Gravel +
Coconut husk) were observed and recorded (Fig.1-4) at a
particular intervals i.e. (21% day; 35" day and 49" day)
respectively. Randomly 10 seedlings were selected from
each medium replication for morphological evaluation.
After collection the seedlings were washed free of medium
and measured for height, number of branches, number of
leaves and leaf area. Usually Vigna radiate
characteristically germinate within 4 to 5 days but in the
present study the rate of germination increased as the
amount of moisture introduced during the germination
period due to hydroponic circulating system. The result of
germination was faster within 4 days which proved that
hydroponic system along with aquapoincs is much better
than conventional plant growing system.

On 21% day of harvesting the average of plant height
19.9+1.27cm; leaf area i.e. length and breadth 5.8+0.55cm;
Number of leaves 25+2.04 and branches 10+1.77 was
recorded in mixed media i.e. gravel and coconut husk (M3)
while in coconut husk media (M2) the recorded average of
plant height 15.4+1.19cm; leaf area 3.7+0.12cm; Number of
leaves 23.4+2.01 and branches 6+0.9 (Fig.1). The minimum
plant height 11.7+0.16cm; leaf area2.3+0.20cm; number of
leaves and branches recorded were 21.4+1.15; 3+0.05 was
recorded in M1 grown Vigna radiata respectively. During
the present analysis on the 49" day the significantly highest
mean height of the plants (P < 0.05) was 27.5£2.38 cm
found in M3 followed by M2 of 21.8+2.20cm and M1 of
19.7+1.90 cm, respectively while on the 35" the plant height
recorded was 23.7+2.12 cm; 19.5£1.19 cm and 14.3+ 1.06
cm inM3, M2 and M1. Significant differences among the
treatments were observed in the mean heights of plants in all
sampling dates i.e. 21% day sampling (P< 0.01) and 49" day
sampling (P < 0.05).

Among the sampling medias the number of leaves recorded
was in the following trend i.e. M3>M2> M1 and among the
sampling period it was noted as 49" > 35" >21t Day. The
number of leaves recorded in media M3 was 25+2.04,
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28.6+1.71 and 32.9+1.43 on 21, 35" and 49" day after
treatment. Similarly the number of leaves recorded in M2
media was on 21 day 23.4+2.01, on 35" day 25.4+1.63and
49" day30.7+1.50. Among the selected medias, M1media
grown Vigna radiata recorded minimum number of leave on
sampling period 21% (21.4+1.15), 35™(22.6+1.45) and 49%"
(27.8£1.37) day (Fig.2).The selected media showed
significant effects on mean number of leaves of each plant
in every sampling stage i.e. On 21st day (P < 0.01) and on
49th day sampling (P < 0.05).

In the present study, the mixed media M3 exposed plant
recorded larger leaf area and number of branches than other
media M2 and M1 respectively. The highest average of leaf
area recorded in M3 was 7.8+1.69cm and least 3.9+0.33cm
in M1 on 49" day of sampling. The maximum leaf area was
observed in 5.8£0.55cm and minimum 2.3+0.20cm was
noted on 21% day in M3 and M1 media grown Vigna
radiate. Significant distinctions in mean leaf area of plants
were reported among the three media grown plant sampling
(P < 0.05) (Fig.3). Similarly, the number of branches
recorded was also noted to be maximum in M3 10+1.27
(21°t day of sampling); 13+1.33 (35" day of sampling) and
15+1.39 (49" day of sampling). Plant sample collected from
M2 recorded good number of branches (6+0.09; 9+0.12;
12+1.5) when compared to M1 measured plant samples
(3+0.5; 5+0.6;7+1.0) sampled on 21%, 35" and 49" day
respectively (Fig.4). This might be due to higher-availability
of nutrients essential for increasing leaf size and branch
numbers in the mixed media.

During the present study the plant samples measured in M1
recorded least leaf area and branch numbers when compared
to M2 grown plant which may be due to the presence of
nutrients required for leaves and branches were higher in
coconut husk (M2) rather than the gravel media (M1) and
thereby higher leaf area and number of branches was found
in the coconut husk media. The present result might be due
to supply of higher amount of essential nutrients to the plant
roots through the faster nitrification process by the mixed
media> Coconut husk media> Gravel media.

Thus, all the exo-morphological parameters recorded during
the present experimental analysis were noted to be best in
M3 followed by M2 and M1. That means, the mixed media
displayed better performance than the individual media in
case of plant growth. Studies of Savidov et al, 2005 [27];
McCauley et al 1, 2005, Rakocy et al, 2006 3 reports too
stated that the results of growth parameters obtained in the
that mixed media performance was best than the individual
medias due to higher aeration within the media, supply of
more nutrients to plant, faster nitrification and symbiotic
action between medias. In the present study the gravel
media could not provide best growth result in the plant
Vigna radiata which may due to fast drainage capacity and
less retention time for the uptake of nutrients by plant
particularly required for the growth parameters. But the
Vigna radiata plant grown in coconut husk media was good
when compared to gravel media as it could receive the
required nutrient due to more retention capacity of M2. The
present study results corroborated with the report of Das,
2011.
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Growth  performance of animal-
Oreochromis nilitocus

In the present study the prime physicochemical parameters
like temperature, transparency, pH, dissolved oxygen, nitrite
and ammonia of water in all the treatments (T1- Media
based system; T2- Floating raft system and T3- Nutrient
Film Technique) were monitored during the experimental
period and the growth performances of Nile tilapia-
Oreochromis nilitocus regarding length (cm), weight (gm),
length and weight gain, growth rate, survival and feed
conversion ratio were presented in Table 1-2.

experimental

Table 1: Water quality parameters of the treatments

Parameters Units T1 T2 T3
Temperature °C 23+1.3 23+1.7 23+2.0
Transparency Cm 20£1.5 20£2.1 20+2.4
Dissolved oxygen | mg/l | 5.1+0.2 | 5.1+0.4 5.0+0.5
pH 7.4+0.2 | 74404 7.5+0.2
Nitrite mgL? | 0.9+£0.01 | 0.9+0.03 | 0.94+0.05
Ammonia mgL?t | 16+2.1 16+2.3 16+2.2

* Each value is the Mean +SD of three replicates (N=3)
* T1- Media based system; T2- Floating raft system and T3-
Nutrient Film Technique

According to Barker et al, 2009 [“; Sunny et al, 2017 [
assessment of water quality is very essential and vital
requirement for aquaculture production to maintain and
produce high quality profitable fish. Islam et al, 2018a 4
stated that morphometric and physiology of fish like
Growth, feed efficacy and feed consumption of fish are
normally governed by a few physicochemical parameters,
which included temperature, transparency, pH, oxygen,
nitrite and ammonia of water. If any impairment in water
quality it will alter growth, reproduction and even cause
mortality.

From Table 1 it is clear that all the physicochemical
parameters necessary for fishes in the fish rearing tanks
were within the recommended range for aquaculture as
stated by Ajani et al, 2011 [, The value of the all water
quality parameters did not differ significantly (p > 0.05) in
different treatments. Results of water analysis revealed that
maintaining perfection of water quality parameters in
aquaponic system specifically significant increase in pH

value with dissolved oxygen and significant decrease in
toxic ammonia, nitrite and temperature. According to Endut
et al, 2009 ©l; Homme, 2012 [*? report aquaponics help
farmers community to conserve water resources with control
of water quality, the production schedule and the fish
product which supports the present study (Shamsuddin et al,
2012) [281,

The growth parameters of the Nile tilapia Oreochromis
nilitocus at the end of the experiment varied significantly (P
<0.05). All the growth parameters were recorded maximum
in T1 followed by T2 and least in T3. The present study
results was in accordance to Salam et al (2013) %°]; Salam et
al (2014) 1, Rana et al (2015) *; Bethe et al (2017) BI;
Kamrun Naher Azad et al, 2018 161 cultured Tilipa whose
recorded mean values of the morphological parameters like
length gain and moderate specific growth rate of the present
experimental fish was more or less analogous (Table 2).

Table 2: Growth performance of Oreochromis nilitocus in
aquaponics treatment during the study.

Growth Parameters |Units T1 T2 T3
Initial Length cm | 10.66+1.58 |9.12+1.30 | 8.00+0.75
Final Length cm | 19.65+2.11 |15.42+2.03{11.12+1.83
Initial Weight gm | 18.06+2.92 [13.56+2.10|11.35+1.74
Final weight gm | 38.91+4.30 [32.42+3.11|27.53+1.80

Mean length gain | cm | 8.99+1.34 | 6.3£0.73 | 3.12+1.08
Mean weight gain | gm | 20.85+1.38 |18.86+1.01/16.18+0.06
Length gain % | 84.95+0.84 |69.07+0.56| 39.0+1.05
Weight gain % | 115.4+0.47 {139.1+0.48|142.5+0.03

Feed conversion ratio 2.10+1.18 |1.98+1.02| 1.79+0.85

Specific growth rate | % | 0.85+2.19 |0.73+1.83| 0.68+0.98
Survival rate % | 97.3+2.39 [96.0+2.10| 94.8+1.93

* Each value is the Mean +SD of three replicates (N=3)

* T1- Media based system; T2- Floating raft system and T3-

Nutrient Film Technique

In the present study the difference and fluctuation in fish
growth among treatments could be due to reduction or
disruption in feed intake by fish and behavioural responses
to environmental change like stress and may be due to
stocking density also. Khandaker et al (2013) "1 and
Oladimeji et al (2018) 22 results are support the findings of
the present study which states that recirculating fish waste

33



International Journal of Entomology Research

with water through hydroponics increases the root growth
and plant growth regulators activity. Moneruzzaman et al,
2010a ° reported that fish waste contains important plant
nutrient and growth regulators which enhance the growth of
the plants.

As it is essential to supply food and ensure safety as an
innovative agricultural technology this integrated culture
called Aquaponics appears to be beneficial. The media
based system and floating raft system proved to be more
ecofriendly and it can be used any terrains, throughout the
year and cost wise also it is economical when compared to
nutrient film technology. Suitable plant and fish
management has developed the interest of many farmers and
entrepreneurs to instill this integrated system because of low
investment but good income, low risk but good returns and
less maintenance. Even at each home along with home
garden this integrated Aquaponics with hydroponics can be
installed and be used for home consumption. Thus,
Aquaponics along with hydroponics serve as a good
standard production of green vegetables and it also proved
from the conducted experimental study that this system have
great potentiality to ensure food security by meeting day to
day requirements of fish and vegetables and helps in
combating against malnutrition and adaptation to climate
change.
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