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Abstract 
This experiment was conducted to assess the water quality comparative study under bottle aquaponic 

Tank (AT) and Normal controlled Tank (NT) with early fingerlings of Trichopodus trichopterus (Blue 

gourami) as fish. During this 45 days study we used three distinct kinds of plants like; tomato (Solanum 

lycopersicum), Eggplant (Solanum melongena) and Spinach (Spinacia oleracea). Two experimental 

medium sized tanks of (2ftx1ftx1.5ft) used as rearing purpose and bottles of capacity near about 1 liter 

that accommodate riverine small pebbles as grow bed. Experimental feed of 30% protein was used as a 

diet for fish having ingredients Rice bran 17%, Soya bean 36%, Curry leaves 12.5%, Chicken liver 27% 

and Moringa 2.1%. This whole experiment was mainly based upon a water quality parameter like pH, 

Dissolved Oxygen, Temperature, Ammonia, Nitrite, Nitrate and one- fourth of the tank water is 

exchanged with fresh water in every 15 days. During starting days of the experiment (1-5 days) all 

parameters were same in both systems at optimum level but After 5-15 days water quality parameters 

were start showing fluctuations in NT like; pH 7.6-7.8, Ammonia 0.25-2.50,Nitrite 0-1.0, Nitrate 0-

3.5mg/l and similarly pH 7.6-7.7, Ammonia 0-0.50, Nitrite 0-0.25, Nitrate 0 mg/l in AT system 

respectively. At the end of the experiment, water quality parameters were showing drastic changes that 

was pH 7.8-6.8, Ammonia 3-4, Nitrite 2-3, Nitrate 4-5 mg/l in NT system and pH 7.7-7.2, Ammonia 

0.25, Nitrite 0, Nitrate 0 mg/l in AT system respectively. We observed in this experiment that optimum 

range of nitrate can be produce for better plant growth by aquaponic system.   

 

Keywords: Trichopodus trichopterus, water quality parameters, experimental feed 

 

1. Introduction 

1.1 Aquaponics Concept 

Worldwide aquaculture is the rapidly booming sector that needs to be sustainable and must 

also meet bio-economic demands. On the other side, Aquaponics will be the principle key of 

success in the aquaculture sector during the forthcoming days because aquaponics is the 

combination of hydroponics and is gaining increased attention as a bio-integrated food 

production system. In aquaponics, nutrient-rich effluent from fish tanks is used to ferti gate 

hydroponic production beds. Aquaponics serves as a model of sustainable food production by 

following certain principles like; waste products of one biological system serve as nutrients for 

a another biological system. The integration of fish and plants results in a polyculture that 

increases the diversity and yields multiple products. Water is re-used through biological 

filtration and recirculation. Local food production provides access to healthy foods and 

enhances the local economy (Diver, S., & Rinehart, L. 2010) [1]. This is good for the fish 

because plant roots and rhizobacteria remove nutrients from the water. The fish waste provides 

an organic food source for the growing plants and the plants provide a natural filter for water 

in which fish live in. Rather these two participants the third participants are the microbes 

(nitrifying bacteria). They do the job of converting the ammonia from the fish waste first into 

nitrites, then into nitrates and the finally nitrate absorbed by plant for their growth. Aquaponics 

also knew as the addition of two major systems simultaneously i.e. Hydroponics and 

Aquaculture. This advanced system is gaining increased attention as bio-integrated food 

production. With right choice of fish and plant species aquaponics serve as a sustainable and 

compatible system for food production (Mustafa, Saleem. 2010) [2]. Besides this,  
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The integration of aquaculture and hydroponics appears to be 

an excellent system for rearing both plant and fishes with 

Significant reduction in the usage of water, no need to use 

artificial fertilizer, no need to dispose of fish waste or provide 

an artificial filtration, reduction in land is required to grow the 

same crops and finally fully organic food is cultivated.  

In order to fulfill global needs for valuable animal protein, 

aquaculture is by far the fastest-growing sector of agriculture 

to supply humans with fish (FAO 2014) [3]. However, not all 

aquaculture production technologies for fishes are 

environmentally sustainable and meet the daily protein 

requirement of the whole population. Thus there is an urgent 

need to integrate aquaculture within the water-food-energy 

nexus into agricultural production systems using value-added 

chains concomitant with lowering adverse environmental 

impacts. Aquaponics is a growing form of aquaculture that 

easily fits into a local and regional food system model in part 

because it can be practiced in or near large population centers 
[4]. The Dissolved oxygen had significant, strong but negative 

relationship with Nitrite-nitrogen and Nitrate-nitrogen; this 

suggested that increase in dissolved oxygen may lead to 

decrease in Nitrate nitrogen and Nitrite-nitrogen. pH had 

significant but negative correlation with Nitrite-nitrogen, this 

is indicated that increase in pH may lead to decrease in 

Nitrite-nitrogen and can be linked to the fact that nitrifying 

bacteria are pH sensitive and at a level above 8 will be 

inhibited (Michael et al.1995) [20]. It is crystal clear that, 

aquaponics is only a way via we can control most lethal 

parameters in our culture system with help of plants like; In 

aquaponics, water from the fish tank is fed to a plant where 

naturally occurring, beneficial micro-organisms break the 

ammonia into Nitrite and then Nitrate respectively. Nitrate 

and other nutrients are absorbed by the plants to assist in their 

growth and in turn, serve to clean the water. Solid waste will 

also be filtered out of the water by either the grow beds or 

some other mechanical process [5]. Temperature of water is far 

more important than air temperature for hydroponic plant 

production. The best water temperature for most hydroponic 

crops is about 75 F (Michael et al.1995) [20].  

This study was totally different from other studies because in 

this experiment we cultured ornamental fish with bottles 

aquaponics concept (First study of aquaponics system with 

bottles). Mainly experiment based on water quality parameter 

comparative study under bottle aquaponic Tank (AT) and 

Normal controlled Tank (NT) with early fingerlings of 

Trichopodus trichopterus (Blue gourami) as fish. Besides this, 

use of waste bottles was a concept of utilizing plastic in 

hydroponics behind this concept we can save our environment 

from plastic pollution in water bodies like ocean beds and 

rivers etc. lastly, Aquaponics is a technique that has its place 

within the wider context of sustainable intensive agriculture, 

especially in family-scale applications. It offers supportive 

and collaborative methods of vegetable and fish production 

and can grow substantial amounts of food in locations and 

situations where soil-based agriculture is difficult or 

impossible. The sustainability of aquaponics considers the 

environmental, economic and social dynamics [6]. 

 

1.2 Blue Gourami 

Gourami also known as three spot gourami or blue gourami 

belongs to order-Perciformes and family Osphronemidae. The 

Three-spot or Blue gourami, Trichogaster trichopterus, is a 

member of the anabantoid group of air-breathing fishes 

consisting of three families, 19 genera and about 120 species, 

all occurring in freshwater and indigenous to Africa and 

southern Asia (Nelson 2006)[8]. T. trichopterus was assigned 

to the family Belontiidae, subfamily Tricogastrinae, with 

other gouramis (Nelson 1994) [7], but has recently been placed 

with the osphronemids (including the Giant gourami, Siamese 

fighting fishes and Paradise fishes) in the subfamily 

Luciocephalinae, which consists of six genera and about 20 

species (Nelson 2006) [8]. T. trichopterus is elongate, 

moderately compressed laterally and grows to about 15-20 cm 

Total length. Ventral pelvic fins form a pair of long thin 

sensory filaments. Adult males tend to be larger with a more 

elongate dorsal fin than females. Both male and female are 

uniform blue with a pale olive ground color and two 

characteristic dark spots of varying intensity on the mid 

lateral flank and on the caudal peduncle. Dorsal, anal and 

caudal fins have a series of whitish spots forming parallel 

bands. It has a very small, dorsally directed mouth, with a 

vertical, somewhat protractile upper jaw and prominent lower 

jaw. The species has scales that are moderate in size and 

irregularly arranged with a curved, irregular lateral line 

(Froese & Pauly 2007) [9]. Feeding habit omnivorous but 

feeds mainly on zooplankton, macro invertebrates (insect 

larvae), detritus and occasionally on terrestrial macro phyto 

(Conlu 1986; Chung et al. 1994; Talde et al. 2004) [11, 10, 12]. 

T. trichopterus is an extremely hardy fish, and can tolerate 

wide ranges of several water parameters including hardness, 

pH, temperature, salinity and dissolved oxygen conditions 

(Priest, 2002)[14]. The species is native to the Mekong Basin, 

South-east Asia in Laos, china, Cambodia, Thailand, 

Vietnam, Myanmar and Indonesia as well as Malaysia 

(Kottelat et al. 1993) [15], (Vidthayanan et al. 1997) [13]. 

According to the IUCN Red List of Threated Species, the 

three-spot gourami is of “Least Concern”. They might be 

killed in polluted water ways but it is able to move to other 

areas. Invasive in some counties, such as The Republic of 

Trinidad and Tobago and Jamaica, they feed on smaller fish 

and are very aggressive and territorial [16].  

 

2. Material & Method 

2.1 Site of study and concept  

Experiment on Bottle Aquaponics was successfully completed 

in hatchery of the Department of Applied Aquaculture at 

Barkatullah University Bhopal campus area. Complete set 

installment in large dimension experimental lab which was 

very efficient for aquaculture experiments. Firstly experiment 

was initiated with fabrication of medium sized aquarium with 

dimensions of 2ft x1ft x1.5ft which was suitable for study. 

Tank's volumes were approximately 5,184.0 cubic inches or 

22.4 U.S. gallons, which was approximately 85.1 liters. These 

tanks were big enough to stock 5 number of Blue gourami. 

Level of water throughout the experiment was 15 inch or 37.5 

cm height in both the tanks. So, that total water level volume 

maintained 18.7 U.S. gallons, which is approximately 70.9 

liters. Then collection of waste bottles for bottle aquaponics 

concept for plants and finally we installed all supporting 

instruments, tools, and precaution aids etc to run experiment 

correctly without any hurdles. Selection of fish and plant 

species was an important issue in my research. Blue gourami 

was select as fish species and green spinach (Spinacia 

oleracea), Eggplant (Solanum melongena) and Tomato 

(Solanum lycopersicum) as plants for aquaponic system 

(Nelson & paid) [5].  

During this study, we observed numerous water quality 

parameters like; Temperature, Dissolve Oxygen (O2), 
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Ammonia (NH3), pH, Nitrite (NO2) and Nitrate (NO3). On the 

other hand, the heights of plant were initially considered as 

seed and final height taken at the last of experiment. 

 

2.2 Selection of fish and plants 

Firstly, Blue gourami collected from nearby ornamental fish 

shop similarly purchased Spinach, Eggplant and tomato seed 

from vegetable seed shop; finally follows seed germination 

procedure for germination of spinach seedlings. Blue gourami 

is an ornamental fish which was taken for this experiment and 

scientific name of Blue gourami is Trichopodus trichopterus. 

Secondly, we initiated the seed germination process of green 

spinach (Spinacia oleracea), Eggplant (Solanum melongena) 

and Tomato (Solanum lycopersicum) for bottle aquaponics 

system. According to their germination transferred (seedlings) 

to nursery floating raft system and finally shifted to bottles set 

up. 

 

2.3 Seed Germination Process 

2.3.1 Material Required 

Tissue paper, Scissor, jig jack plastic bags, Quality seed, 

Beaker and Dropper. 

 

2.3.2 Chemicals 

 Hydrogen per oxide (H2O2) @ 5ml and Distilled water 

500ml. Hydrogen per oxide (H2O2) @ 5ml was mixed with 

500ml distilled water. 

 

2.3.4 Intensive care of seedlings 

Seedlings are very sensitive to environment and need extra 

care for their survival. Now these seedlings were shifted from 

tissue paper and accommodated to floating raft under 

aquarium. During 24 hour aeration was provided initially with 

proper day light. Seedling requires nutrition for their 

development and for we used 2-3 drop churry leaves extract 

which contain large amount of minerals and nutrients for their 

development.  

 

2.4 Grow bed 

This is a place where the nitrification bacteria can grow and 

convert ammonia into nitrates, which are usable by the plants. 

Riverine pebbles of small approximate similar sized was 

choose for bed. Pebbles arranged in bottle in a specific 

manner which was not harmed the root of plant and make 

suitable substrate bed and pebble height was 2 Inch.  

 

2.5 Installments of bottles and pumps 

Bottles of 1 liter capacity were designed as required for 

experimental purpose and vertical positioned in such a way 

that water can easily pass out with limited interval of time (for 

easily flow of water, holes were made on the cap portion). 

Now, bottles are suitable for plant growth. Every bottle 

accommodates 2-3 seedlings/bottles/plant species taken and 

similar 3 set of bottles are installed which carry spinach 

(Spinacia oleracea), Eggplant (Solanum melongena) and 

Tomato (Solanum lycopersicum) individually. Further, Water 

pumps were placed inside the aquarium by mean of uplifting 

wastewater from aquarium tank to bottles accommodating 

plants. Water uplifting done with the help of irrigation tube of 

3 meter which connected with water controller. Water flow 

maintained during the experiment is 750 ml of water /min. 

Timing for water flow: Day time for 12 hours. 

2.6 Food and Feeding 

Feed was prepared in the present experiment which was 

scientifically formulated considering the specific nutritional 

need of Blue gourami (30% protein) for the proper growth 

and survivability rate in this experiment by Pearson’s square 

method. Pearson Square Method or box method of balancing 

rations is a simple procedure that has been used for many 

years. Diets are formulated to fulfill the energy, protein and 

energy protein ratio of the diet. If protein and energy content 

of the diet is satisfied then other nutrients are automatically 

augmented. However, marginal supplementation of the 

nutrient is required, if necessary. The following ingredients 

that were used to prepare experimental feed with 30% protein 

value used during the whole experiment Hence different 

percentages were; Rice bran: 17%, Soya bean: 36%, Curry 

leaves: 12.5%, Chicken liver: 27%, Moringa: 2.1% 

respectively. As a general rule fish should be fed twice daily, 

first in the morning and evening at the rate of 3-5% of the 

body weight per/day which will ensure appropriate 

supplementary feeding. Size of the feed particles was 

increased gradually from 0.2-0.3mm at the start to about 1mm 

by the end of the experiment. Regular sampling, weighing and 

estimation of actual total weight of stock were carried out to 

determine whether or not the given feeds were well utilized. 

Feeding rate was twice a day @ 3% body weight during the 

whole experiment. 

 

2.7 Water Quality Parameters 

Water quality parameter has significant role in fisheries. Fish 

are equilibrium with potential organisms and their 

environment. Changes in this equilibrium, such as 

deterioration in water quality can result in fish becoming 

stressed and vulnerable to diseases. Therefore, it is important 

to know about water quality parameters and their management 

is necessary for better growth and survival (Singh et. al, 2017) 
[17]. Besides this, maintenance of good water quality is 

essential for both survival and optimum growth of culture 

organisms. The higher levels of metabolites in aquarium 

water that can have an adverse effect on growth are generally 

an order of magnitude lower than those tolerated by 

ornamental fishes for survival. Good water quality is 

characterized by adequate oxygen and limited levels of 

metabolites. The major source of nutrients in aquaculture is 

the feed. Water quality parameter like; Dissolved oxygen 

(DO), pH, Ammonia, Nitrate and Nitrite done by API 

freshwater master test kit (manufactured by: MARS fishcare, 

North America). This testing kit generally used for household 

aquarium keeping and withdraw results by comparison of 

color works as colorimeter and contains total six bottles along 

with four test tubes and testing manual. On the other hand, we 

used Aquasol @ pen type thermometer for temperature 

reading. 

 

3. Result and Discussion 

Present study was basically to reveals the water quality 

parameter comparative experiment under bottle aquaponic 

Tank and Normal controlled Tank with early fingerlings of 

Trichopodus trichopterus (Blue gourami) as fish. Whole 

experiment was based on water quality parameter like pH, 

Dissolved oxygen (DO), Ammonia, Temperature, Nitrite and 

Nitrate. In this experiment water quality parameters were like 

Ammonia 0 to 0.25 in AT system and in NT system Ammonia 

value was very lethal after few days of experiment 0.25 to 4 

mg/l (ppm) respectively (Table & Graph no.1). Besides this, 
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values of Nitrite and Nitrate were also on high scale in NT 

system as compare to AT like; 0 to 3 and 0 to 6 mg/l (ppm) 

respectively (Table no.1 & Graph no. 2, 3). On the other hand, 

pH and temperature values were almost same in both systems 

with minute fluctuations like; pH readings were 7.2 to 7.8 and 

27.5 to 29.2 oC respectively (Table no.1 & Graph no.4). In AT 

system all water quality parameters were normal as required 

for better growth of fish in aquarium culture but these 

parameters were totally opposite in NT system which was 

very dangerous for fish survival or lethal for fish health. On 

the other hand, Vegetable used for an aquaponics system is 

chosen on the basis of the market demand, the handiness for 

growing fish and vegetables in an aquaponics, and the 

equivalency between nutrient input and supplies Bosma et al. 

(2017) [21]. Hence, only a small number of plants have been 

productively grown in aquaponics systems including lettuce, 

cucumbers, bell peppers, tomatoes, eggplant and root crop 

such as carrot (Graber and Junge, 2009, Kamal, 

2006, Sajjadinia et al., 2010, Roosta, 2014) [22, 23, 24, 27]. In our 

study we used tomato (Solanum lycopersicum), Eggplant 

(Solanum melongena) and Spinach (Spinacia oleracea) 

seedlings. Lastly, Nitrate is the essential and enviable nutrient 

in aquaponics as its excessive levels in tanks can be an 

indication that all the nitrates that are being produced by the 

nitrifying bacteria are not taken up efficiently by the plants or 

may be not enough plants are being grown in the grow beds to 

take up whole nitrate. To overcome high levels of nitrate 

either more plants can be introduced into grow beds or more 

fish could be harvested to reduce the amount of ammonia 

being produced. However, the finding of reduced ammonia 

concentration in this study is also supported by the results 

of Tyson et al., 2004, Graber and Junge, 2009, Maucieri et al., 

2017 [26, 22, 25] who had observed significantly lower values of 

ammonia in the aquaponics experimental tank as compared to 

the control fish tanks. The low levels of ammonia and 

nitrate observed in this study is an indication of a well-

developed microbial population in the aquaponics tank. 

 

4. Conclusion 

Proper maintaining and monitoring optimum water quality 

parameters is very vital and healthy for aquaponics system. 

Obtaining conditions that are optimal for fish growth, 

nitrifying bacteria and for plants growth is crucial and key of 

water quality parameters such as pH, temperature, nitrate and 

ammonia should be regulated at proper intervals to avoid loss 

of culture quality and economy of aquaponics system. These 

all are simple protocols and precautions that need to be 

followed to manage a healthy and productive aquaponics 

system. In aquaponics system we observed that we can 

control most dangerous water quality parameters ammonia 

with help of hydroponic culture.  

 

Table 1: representing water quality parameters like; pH, Ammonia, Nitrite and Nitrate 
 

Date of 

experiment 

pH 

(AT) 

pH 

(NT) 

Ammonia 

(AT)ppm 

Ammonia 

(NT) ppm 

Nitrite 

(AT) 

Nitrite 

(NT) 

Nitrate 

(AT) 

Nitrate 

(NT) 

18-Sep-16 7.2 7.2 0 0 0 0 0 0 

22-Sep-16 7.6 7.6 0 0.25 0 0 0 0 

24-Sep-16 7.2 7.2 0.25 2 0 0.5 0 1 

29-Sep-16 7.7 7.7 0.5 2.5 0.25 1 0 2 

02-Oct-16 7.8 7.7 0.25 3 0 2 0 4 

06-Oct-16 7.2 7.7 0.25 3.5 0 2 0 4.5 

10-Oct-16 6.8 7.2 0.25 4 0 3 0 6 

 

 
 

Graph 1: representing Ammonia 

 

 
 

Graph 2: representing Nitrite 

 

 
 

Graph 3: representing Nitrate 

 

 
 

Graph 4: representing pH 
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Dissolved oxygen (DO) during the Experiment 

 
Table 2: representing Dissolved Oxygen mg/l 

 

Date of experiment DO (AT) mg/l DO (NT) mg/l 

18-Sep-16 7 7 

23-Sep-16 7.6 7.5 

28-Sep-16 8 7.9 

03-Sep-16 8.2 7.8 

08-Sep-16 8.4 7.8 

 

 
 

Graph 5: representing Dissolved Oxygen mg/l 
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