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Abstract 

The study was conducted to determine the effects of water hyacinth-based (Eichhornia crassipes) 

vermicompost tea (aqueous extract) supplement on growth performance of lettuce under the non-

circulating hydroponics system. Water hyacinth is nutrient-rich and can undergo vermicomposting 

and be used in hydroponics or aquaponics production systems. The purpose of this study was to 

investigate the potential use of water hyacinth-based vermicompost tea material in a hydroponics 

system for an improved product of lettuce and management of water hyacinth through utilization. 

The study used a systematic random sampling design to obtain the sample size of a total of 33 

plants per unit. To compare the effect of various dilutions of water hyacinth based vermicompost 

tea and the growth performance of lettuce in non-circulating hydroponic and aquaponic systems 

leaf area, shoot length, root-shoot ratio, growth rate, moisture content analysis, were used. Ash 

and digesting methods were used to determine the effect of various dilutions of hyacinth-based 

vermicompost tea on the concentration of selected nutrients and heavy metals in lettuce. Lettuce 

dosed with hydroponics nutrient solution were significantly different at (P<0.05) from lettuce 

supplied with water hyacinth-based vermicompost extract dosed at 30%, 40% and 60%, the plants 

had a higher growth rate, shoot length and moisture content, large leaf area and a small root-shoot 

ratio. Lettuce dosed with vermicompost tea was resistant to aphid and fungi attack, while the ones 

dosed with synthetic solutions were attacked. Yield from hydroponics and aquaponics system was 

not significant. Lettuce dosed with WHBVCT were short in nutrient content in their solutions 

while the ones with synthetic solutions had enough nutrient supply. Lettuce dosed with WHBVCT 

had nutrient and heavy metal concentrations within the permissible limit, except for treatment 

dosed at 30% and 40% which showed a higher Pd and Zn values. WHBVCT is rich in chitinase, 

phenols and alcohol which digest the chitin of insects and phenol and inhibit the growth of fungus 

and spread of insects which made lettuce with WHBVCT more resistant than the others. Therefore, 

WHBCVT can be used to control aphids and fungus, but it cannot be used for lettuce production 

non-circulating hydroponics and trials have to be made on fruiting vegetables to observe its 

performance. 

Keywords: WHBVCT, lettuce, hydroponics system, aquaponics system 
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Chapter One: Introduction 

Agriculture is the backbone of food security in Africa. Food security can be expressed as “when 

all people have physical, social and economic access to sufficient, safe and nutritious food to meet 

their dietary and food preferences for a healthy life” (Fawole et al., 2015). Unfortunately, nearly 

one billion people in the world are undernourished and are living below their daily calorie 

requirements (PAI, 2015). Food security is still an issue in Africa because food deficit and 

insecurity are multidimensional problems. It is driven by several factors which include climate 

change, conflict, economic shock, limiting resources, political instability, population growth and 

others (FAO, 2017; IFPRI, 2017; UN, 2018). Most African countries are facing these challenges 

which are affecting food production and supply. In Africa for attaining food security, acceptable 

quality and quantity water and soil are required. This is a challenge because of water and land 

scarcity due to irregular rainfall distribution, to increase yield there is an excessive application of 

fertilizers and pesticides which impacts food production but also water and soil quality  (Smith et 

al. 2016; Vilakazi et al., 2019). Nutrient load in water bodies can cause the development of 

invasive aquatic weed, which may affect the aquatic ecosystem (Knight et al., 2014). 

Different organizations are trying to put in place measures to eradicate food insecurity, by 

engaging new forms of agriculture production. To produce more food to meet the growing 

population demands with less water and other resource input there is a need to apply productive, 

innovative, and sustainable production systems while making sure that production is pursued from 

a holistic and integrated perspective (UN, 2018; Vilakazi et al., 2019).  

Aquatic weeds were first present in Africa since the end of the nineteenth century infesting the 

freshwater bodies very fast including lakes, ponds, rivers, canals, and agriculture fields (Mitchell 

et al., 1990). This infestation is damaging the environment, economy, fisheries, electricity 

production, transportation and among others. Among the aquatic weeds water hyacinth, water 

lettuce and water ferns cause the most serious problems (FAO, 2002). 

Water hyacinth is a principal weed that grows and spreads very fast and it can invade water bodies 

due to its vegetative production and it moves with currents, wind or accidents for example fishing. 
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Water bodies such as Lake Victoria-Uganda, Lake Naivasha-Kenya, Shire river-Malawi, Shagashe 

river-Zimbabwe, Koka reservoir and Lake Tana-Ethiopia have been infested by this weed  

(Chapungu et al., 2018;  Worku Melees and Samuel Sahile, 2018). The weed has an impact on the 

environment and economy, having disrupted agriculture, fisheries, electricity production, 

transportation and social structure (Chapungu et al., 2018). Water hyacinth interferes with water 

flows in rivers, canals and drains and it slows water flow from flood lands. 

Water hyacinth infestation is not easy to control, but it can be managed/limited by chemical; 

biological and mechanical removing methods (Abdel-sabour, 2014; Mujere, 2015). However, 

these measures are insufficient to permanently control the weed. As such other applications are 

being developed to help control the spread and solve the problems associated with water hyacinth 

weed. Water hyacinth is a protein-rich plant capable of taking up nutrients and heavy metals from 

water systems, making it rich with nutrients (Abdel-sabour, 2014; Ogutu, 2019). Hence, it can be 

harvested and be used as animal feed, biogas production, fibre, and organic fertilizers. Production 

of quality composts through vermicomposting of this weed and its subsequent application in 

vegetable farming solves the problem of uncontrolled growth of water hyacinth in water bodies 

and reduce the use of chemical fertilizers.   

Vermicomposting involves the biodegradation of organic wastes into a microbially active and 

humus-rich substance; under conditions of optimum temperature, moisture, and aeration with the 

assistance of earthworms. The material is passed through the worm’s digestive system and it is 

used for food production. It is environmentally friendly, requires little energy, capital, or 

equipment, and does not involve intensive management (Hénault-Ethier et al., 2016). 

Vermicomposting of waste material increases the nutrient availability of some nutrients like 

nitrogen, phosphorous, and potassium as a result of reduced volume of the vermicompost material. 

Shortage of freshwater, land and fertile soil for agriculture and effluents from other production 

systems has led to the development of a soilless system like hydroponics and aquaponics systems 

in across the regions (Alyssa et al., 2019). Hydroponics is the growing of plants in a circulating 

liquid nutrient solution with or without the use of artificial media such as gravel, rock wool, peat 

moss, sawdust, wood fibre, coconut fibre for support (Dunn, 2015; Sharma et al., 2018). 

Aquaponics is a combination of aquaculture and hydroponics, which is the cultivation of fish and 

plants in a constructed recirculating system (Thorarinsdottir, 2015). The aquaponics system 
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involves three main groups of organisms; fish, plants and bacteria and sometimes worms to 

facilitate circulation nutrients in the system. Although the hydroponic and aquaponic system's 

nutrient must be supplied to mimic the natural environment, these nutrients can either be organic 

or inorganic. Different approaches to using vermicompost in soilless culture have so far been 

investigated in various types of vegetables. However, water hyacinth-based vermicompost tea has 

not been investigated on the production of lettuce in a non-circulating hydroponic system. 

1.1 Problem statement and justification 

Regardless of the impacts, it has on the environment, water hyacinth can filter pollutants, nutrients, 

heavy metals and toxic organic matter from the water and it is rich in N, P, K and proteins (Abdel-

sabour, 2014; Ogutu, 2019). Nutrients diffuse from the aquatic systems to the water nourishing it 

with nutrients such as N, P, Ca, Mg and K and other nutrients in many folds. The nutrient quality 

of water hyacinth is dependent on the water quality from which water hyacinth is harvested from 

(Abdel-sabour, 2010). The leaves are reported to contain 15, 9, 13.9, 8.8 and 8.5 mg of Ca, K, Mg, 

P and N per gram of dry weight, respectively (Abdel-sabour, 2010). Water hyacinth can be 

harvested and processed into vermicompost manure or tea, and be supplied to production systems 

such as the hydroponics and aquaponics, agriculture and horticulture to improve production.  

Vermicomposting will also help control the weeds but also water quality degradation (Mohammad 

et al., 2007; Diffen, 2019). Vermicompost manure from different materials including water 

hyacinth is being used as a nutrient supplement for most field crops production; such as vegetables, 

ornamentals, cereals and fruiting plants (Kaur et al., 2015; Mashavira et al., 2015). It is reported 

to enhance germination rate, growth, flowering, yield quality and quantity (Mashavira et al., 2015). 

In hydroponics and aquaponics production, plants are not in the soil to take up nutrients, lack of 

nutrient affects yield, growth and development (ripening, shape, leaves pigment) for nutrient 

demanding plants (Goel et al., 1989: Herrero, et al., 2001; Haifa-group, 2019). As such nutrient 

must be supplied with organic and inorganic fertilizers to boost plant production. Inorganic 

fertilizers are expensive and cannot be easily accessed by small scale farmers (Ogutu, 2019). An 

increase in the use of inorganic fertilizer is also associated with excessive accumulation of toxic 

chemicals in vegetables and pose a risk to consumers. For example, nitrate is a beneficial nutrient 

for plant growth, yet prolonged use of chemical fertilizers results in the accumulation of nitrate in 

the system and in leafy plants like lettuce that easily take up nutrients (Anjana and Iqbal, 2007). 
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This is also linked to poor plant growth and health hazards to humans, for example, high levels of 

nitrate cause methemoglobinemia in babies. Therefore, harmful nutrient accumulation in soilless 

culture systems that grow leafy vegetables such as lettuce can be mitigated using organic 

fertilizers. Different forms of compost and vermicompost manure and tea are being used to 

supplement the systems with nutrients to improve yield and at the same time avoid nutrient 

accumulation (Pant et al., 2011). Other forms of vermicompost teas and manure are well 

established in leafy vegetable production in hydroponic and aquaponic systems (Fox et al., 2012; 

Arancon et al., 2018b). Vermicompost teas are preferred among many organic growers since they 

are easier to transport and apply than solid vermicomposts (Edwards et al., 2006). Water hyacinth 

based vermicompost has been reported to have large amount of nutrients, high electrical 

conductivity due to the nutrient rich nature of the raw material used, hence its use can be a problem 

for growing sensitive crops (Bernal et al., 2016). Therefore, there is a need to analyze the 

vermicompost tea supplementation effect at different dilution levels to avoid damage due to the 

excess level of nutrients. This study aimed to determine the effect of liquid supplementation of 

water hyacinth-based vermicompost tea in lettuce production under non-circulating hydroponics 

system for its sustainability. It also aimed to identify the best dilution level that prevents 

undesirable nutrient accumulation (including heavy metals) and avoids plant growth depression, 

and compare hydroponic and aquaponic lettuce production. 

1.2. Objective 

1.2.1. General objective 

• To investigate the potential use of water hyacinth-based vermicompost tea material in a 

hydroponic system for improved production of lettuce and management of water hyacinth 

through utilization. 

1.2.2 Specific objectives 

• To investigate the effect of various dilution levels of water hyacinth-based vermicompost 

tea on growth and yield of lettuce. 

• To compare the growth performance of lettuce in hydroponic and aquaponic systems. 

• To determine the effect of various dilutions of hyacinth-based vermicompost tea on the 

concentration of selected nutrients and heavy metals in lettuce. 
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1.3 Research hypothesis 

H0: There is no significant effect of various dilutions of water hyacinth based vermicompost tea 

on growth and yield of lettuce in hydroponic and aquaponic systems. 
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Chapter Two: Literature review 

Across the world, water and land scarcity are the main factors affecting food production and 

sustainability (FAO, 2016). Freshwater is becoming a scarce resource across the world due to 

water pollution, climate change, and increase in demand as a result of population growth and lack 

of economic resources to access the available water sources (Kummu et al., 2016). The land 

resource is also diminishing as a result of urbanization and population growth, reducing the 

available land which could be used for food production (Satterthwaite et al., 2010). Due to these 

challenges better systems which are soilless, less water and nutrient demanding such as 

hydroponics and aquaponics are being developed and used for food production to meet demands 

of the increasing population without damaging the environment (Newell, 2016).  

2.1. Hydroponics system 

Hydroponics is a subset of hydro-culture method that does not use soil for plant production, but 

rather mineral nutritional solutions are used in this system. The plants may be grown with their 

roots in the nutrient solution or a medium such as a perlite or gravels (Rakocy & Hargreaves, 1993 

and Sayara et al., 2016). This system can be arranged in several ways depending on the type of 

plants to be produced and available space. Some of the systems are open such as drip irrigation, 

while others are closed such as Ebb and flow, wick hydroponic system, deep water culture and 

Nutrient film technique 

Ebb and flow system (Figure 1) is commonly used for potted plants and plug production. In this 

system, the growing bed is flooded with nutrient solution and then allowed to drain with the help 

of gravity and the flooding of nutrients is controlled by a timer. The nutrient water solution is 

pumped through tubes from the solution reservoir tank up into the grow bed where the plants are 

planted. The nutrient solution continues to flood the system until it reaches its maximum point 

where the plants' roots are soaked, then the overflow tubes drain the solution back to the reservoir 

tank (Chidiac, 2017). The overflow tube is set at about 2 inches below the top of the growing 

media. The duration and frequency of flooding and draining are dependent on the media used, 

plants water requirement and size of the container (Wortman, 2015). Most of the greenhouse 

lettuce industry commonly employs the Nutrient Film Technique (NFT) and Deep Flow Technique 

(DFT) for the hydroponic production of lettuce (Chidiac, 2014a). But the ebb and flow technique 

is equally productive as the other systems. Lettuce plants produced from an ebb and flow technique 
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did not show any difference in terms of shoot fresh weight, dry weight, chlorophyll, or diameter 

from DFT, or NFT treatments (Chidiac, 2017).   

 

 

Figure 1:  Ebb and flow hydroponic system, adopted from Sharma et al., (2018) 

 

Wick hydroponic system is another type of system considered simple and traditional because it 

does not require electricity or a pump for operation (Sharma et al., 2018). This system has a 

nutrient solution reservoir, with a plant bucket or tray just above it. Nutrients move from the tank 

to the plants with the help of the wink (like hoe the blood capillary pushes the blood). A 

recommended wick hydroponic system is the one which has good-sized wicker ( Figure 2).; 

 

Figure 2: Wick hydroponic system, Adopted from Sharma et al. (2018). 
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Studies have been done to compare the productivity of lettuce between wick which had coconut 

coir and pine bark as substrates and NFT hydroponic system. Lettuce plants performed better than 

the ones from the NFT system, with high yield, roots volume, leaf area and root-shoot mass and 

ratio observed from the wicks systems. As such wick hydroponic system is better than NFT, 

comparing the results from Da Silva et al., (2005) with those from Ferrarezi and Testezlaf, ( 2016).   

Deepwater Culture (figure 3) is also another hydroponic system that has plants suspended in an 

oxygenated nutrient-enriched solution. This system has a board or Styrofoam which is laid on top 

of the nutrient solution tank with a hole in it. Growing pots are inserted into the holes and the 

plants are grown with its roots developing in the solution. The board is lifted some times to expose 

the roots to air and prevent root rot. 

 

Figure 3: Deep Water Culture hydroponic system, Adopted from Sharma et al., (2018) 

Nutrient film technique (NFT) (figure 4), is one of the widely practised systems as compared to 

the above systems. The is preferred than the other systems because it has a substrate which can 

support both leafy and fruiting plants, there is a continuous flow of nutrient solution and oxygen 

supply to the plant roots (Domingues et al., 2012; Aires, 2018). The nutrient solution is pumped 

from the reservoir and flow over or through the roots of the plant, then drained back into the 

reservoir. This results in a thin film of nutrient solution around the roots allowing them to aerate 

and take up nutrients. In an open system, the fresh nutrient solution is introduced for each irrigation 

cycle supplied to the plants through a drip system. 

According to Sharma et al. (2018), many plants can be grown in this system, but lettuce is the 

commonly grown vegetable and can perform better if planted at 50 plants m-2. In the hydroponic 
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systems, lettuce can be harvested between 35 to 40 days as compared to traditional agriculture, 

which makes hydroponics better than conventional agriculture. 

 

 

Figure 4: NFT adopted from Sharma et al. (2018) 

 

2.1.1 Types of crops grown in a hydroponic system 

Different crops can be grown in the hydroponics systems, the type of hydroponics system to be 

used is dependent on the crop type. Crops such as rice and maize, strawberry, tomato, chilli, brinjal, 

green bean, beet, winged bean, bell pepper, cucumbers, melons, green onion, lettuce, spinach, 

celery, swiss chard, parsley, mint and sweet basil can be planted in a hydroponics system 

depending on the type of system used (Sardare et al., 2016; Dholwani et al., 2018). Although there 

are other plant species, such as radish and lettuce, which are faster-growing, the larger plant size 

of the green bean and corn plants can be used in the hydroponics (Benton, 2014). 

2.1.2. Strength and weakness of the hydroponic system 

A Hydroponic system can produce crops that are free from soil-borne disease, insect, or pest 

infection to the crops thereby reducing the use of pesticides and their toxicity to humans. Plants 

require less growing time as compared to crop grown in the field and the growth of the plant is 

faster as there is no mechanical hindrance to the roots and the entire nutrient is readily available 

for plants. Hydroponics is used where the environmental conditions are a problem since the 

systems cannot be influenced by climate change and can be used for production all year-round 
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(Polycarpou et al., 2005; Manzocco et al., 2011). Hydroponic systems practised at a large scale 

are automatically operated and anticipated to reduce labour and several traditional agricultural 

practices such as; weeding, spraying, watering, and tilling (Jovicich et al., 2003). Hydroponics is 

considered sustainable because it uses less amount of water for irrigating the plants and 

waterlogging never occurs unless the pipes are clogged with roots. Weed is practically non-existent 

in hydroponics, if plants have been attacked with pest and disease it can be controlled easily. 

Higher yields can be obtained since the number of plants per unit is higher compared to 

conventional agriculture. 

Although soil-less cultivation is an advantageous technique it is prone to significant limitations. 

Technical knowledge and higher initial cost are fundamental requirements for establishing a 

hydroponic unit (Resh, 2013). Plant in a hydroponic system share the same nutrient, and water-

borne diseases can easily spread from one plant to another (Ikeda et al., 2002). In the case of 

increasing temperature, hot weather and limited oxygenation may limit production and can result 

in loss of crops. It is a problem to maintain some water quality parameters such as pH, EC and 

proper concentration of the nutrient solution in the system as such they have to be checked often.  

2.1 Aquaponics system 

Aquaponics can be defined as the combination of aquaculture (raising fish) and hydroponics (the 

soil-less growing of plants) that grows fish and plants together in one integrated system with the 

support of microbes (nitrifying bacteria) (figure 5)(Somerville et al., 2014; Lennard and Goddek, 

2019). These bacteria help in nitrifying ammonia from fish waste into nitrate. Nitrates are the form 

of nitrogen that plants can uptake and use it for their growth. The solid fish waste is turned into 

vermicomposting that also acts as a source of organic nutrients for plants, and the plants naturally 

filter the water for the fish (Lennard and Goddek, 2019). 

 



11 

 

 

Figure 5: Aquaponics cycle (Pattillo, 2017) 

There are mainly three types of aquaponics: Deepwater culture, Media-based culture and Nutrient 

Film Technique (NFT) 

a) Deepwater Culture (DWC) or raft based  

Deepwater Culture (DWC) or raft-based (figure 6) growing uses a foam raft that floats in a channel 

or tank filled with fish effluent water that has been filtered to remove solid wastes (The Aquaponics 

Source, 2019). Holes can be cut through the raft; in them is where plants are placed into net pots. 

The roots hang free in the water where nutrient uptake occurs. A major difference between the raft 

system and the NFT and media-based system is the amount of water used (Somerville et al., 2014). 

The water level beneath the rafts can be anywhere from 10 to 20 inches deep and as a result, the 

volume of water is approximately four times greater than other systems. This higher volume of 

water results in lower nutrient concentrations and as a result, the higher nutrient rate is used (The 

Aquaponics Source, 2019; Rinehart, 2019). Also, the plant roots are exposed to some harmful 

organisms that reside in the water, which can affect plant growth. This method is most appropriate 

for growing salad greens and other fast-growing, relatively low-nutrient demanding plants (Roy et 

al., 2006). It is also mostly used in larger commercial-scale systems.  
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Figure 6: Deep Water Culture Aquaponics system (Verheyen L., 2019)  

b) Flood and drain/ Media-based system 

Media growing involves growing plants in inert planting media such as expanded clay pellets, 

gravel, or shale.  The media supports bacteria growth which acts as a biological filtration and 

mechanical filtration (removal of solid wastes) in the same system. Media-based systems are great 

for home and hobby scale systems can be used to grow a wide variety of crops large fruiting plants 

in addition to leafy greens, herbs and other varieties (Aquaponics, 2008; Vallance1 et al., 

2011).  Examples of media-based systems figure 7;  

                                                                                                                                                            

  

Figure 7: Media-based aquaponics system (Verheyen L., 2019) 
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c) Nutrient Film Technique (NFT) 

NFT systems (figure 8) work by flowing nutrient-rich water through a narrow trough, such as a 

PVC pipe to the back to the pond. In NFT systems, nutrient-rich water is pumped down to small 

enclosed gutters, the water flowing down the gutter is only a very thin film. Plants sit in small 

plastic cups allowing their roots to access the water and absorb the nutrients (Getachew et al., 

2018). This is a system where the flexible plastic tube is supported by a tray. This method of 

growing works very well for plants that need little support, such as strawberries, lettuce and other 

herbs. NFT is also a great way to utilize unused space because they can be hung from ceilings 

above other growing areas or arranged vertically and utilize little space (Somerville et al., 2014; 

Verheyen L., 2019). 

 

  

Figure 8:Nutrient Film Technique (NFT) (Verheyen L., 2019) 

 

2.2 Bacteria 

Aquaponics is a production system that is based on the dynamic balance between fish, plants, and 

microorganisms (Eck, et al., 2019). Microorganisms such as bacteria play a big role in the 

transformation of effluents from both aquaponic and hydroponic systems into a usable form for 

both plants and fish (Graber & Junge, 2009; Moore, 2017).  Bacteria are microorganisms that are 
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found everywhere and can have different shapes such as rods, spheres, spirals and amorphous 

shapes (Moore, 2017). In aquaponics, there are mainly two genera of bacteria that help to keep the 

aquaponic system functioning and balanced and these are nitrifying bacteria 

like Nitrosomonas and Nitrobacter (Schmautz et al., 2017 and Moore, 2017).  

According to Eck et al. (2019), the analysis with 16S rRNA gene deep sequencing Proteobacteria 

and Bacteroidetes are the predominant bacteria communities found in both aquaponics and 

aquaculture systems and the other bacteria. The nitrification process was studied during which 

ammonia is transformed via nitrite to nitrate, which is less toxic for the fish and preferred by plants 

(Graber & Junge, 2009; Timmons & Ebeling, 2013; Resh, 2013). The main bacteria involved in 

this transformation are the ammonia-oxidizing bacteria (AOB), such as Nitrosococcus, 

Nitrosospira, and Nitrosomonas, and the nitrite-oxidizing bacteria (NOB), such as Nitrobacter, 

Nitrospira, Nitrococcus, and Nitrospina (Itoi et al., 2007; Rurangwa & Verdegem, 2015). 

According to Daims et al. (2015) and Bartelme et al. (2017), some Nitrospira populations are also 

able to perform the complete ammonia to nitrate transformation and are known as complete 

ammonia oxidizers (COMAMMOX) by themselves.  Archaea, such as the Thaumarchaeota, can 

also be involved in the ammonia-oxidizing process (Bartelme et. al, 2017). The anaerobic 

ammonium oxidation (ANAMMOX) group, members of the Planctomycetes responsible for the 

anaerobic transformation of ammonium and nitrite into nitrous oxide and N2 may play a role as 

well where oxygen levels are low (Hu et al., 2011).  

Apart from nitrification, microorganisms are involved in other important processes such as 

extracting the various macro-and micronutrients from the feed leftovers and solid faeces and make 

them available for plant uptake (Goddek et al., 2016). But this is dependent on the aquaculture 

compartment, design, fish species, and feed type, most of the fish used in aquaponic systems utilize 

20-30% of the protein in their diets. The rest is excreted and is available for the bacteria to 

decompose (Timmons & Ebeling, 2013; Yogev et al., 2017; Schneider et al., 2005). Besides this, 

bacteria could also play a role in the solubilization of nutrients encompassed in solid compounds, 

such as phytates (Jorquera et al., 2008). Additionally, microorganisms in aquaponics are also 

involved in various plant growth promotion and protection pathways, such as biocontrol or the 

enhancement of root growth (Gravel et al., 2015, Sirakov, et al., 2016; Schmautz, et al., 2017). 
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A crucial function of the bacteria communities in aquaponics would be the solubilization of the 

fish indigestions and fish feed leftovers into macro-and micronutrients, which the plants can 

absorb. The members of the genera Flavobacterium and Sphingobacterium could participate in the 

decomposition of organic matter (Liu, et al., 2012). The Saprospiraceae family is typically found 

in the aquatic environment, such as wastewater treatment plants (Xia et al., 2008; Liu, et al., 2012; 

McIlroy & and Nielsen, 2014), and could be involved in the degradation of complex carbon 

molecules, such as proteins (Xia et al., 2008; McIlroy & Nielsen, 2014). 

The genus Nitrospira detected in biofilter is commonly known as a NOB (Itoi et al., 2007; 

Rurangwa & Verdegem, 2015; Daims, et al., 2015; Gao et al., 2017). Daims et al. (2015), showed 

that certain strains of the Nitrospira genus could be complete nitrifiers, i.e., able to oxidize 

ammonia to nitrate without the help of AOB, a process now known under the name 

COMAMMOX. Denitrification has also been often observed in aquaculture and aquaponics 

(Monsees et al., 2017 and Wongkiew et al., 2017). Members of the genus Arcobacter are known 

to perform denitrification and have been particularly found in the denitrifying biofilter of the BQF 

system (Wang et al., 2017). The phylum Planctomycetes has already been observed in 

recirculating aquaculture and contains ANAMMOX bacteria (Van Kessel, et al., 2010; Liu, et al., 

2012).                                                                                        

2.3 Plants 

There are different types of plants that can be used in aquaponic systems. Some of the plants that 

can be grown in aquaponics are lettuce, herbs, tomatoes, kale, swiss chard, beans, cucumbers, 

broccoli, cauliflower, cabbage, sweet corn, beets and others (Nelson, 2010). According to Salam 

et al. (2014a), lettuce produced from aquaponics systems performs better than soil and hydroponics 

system. But according to the findings of Rana et al. (2018), soil system performs better than the 

aquaponics system. The soil had a higher plant weight, leaf average length and essential minerals 

as compared to the aquaponics. The aquaponics system had a high root weight value and high plant 

average length as compared to the soil system. According to Bethe et al. (2017), molasses 

vermicompost foliar spray in aquaponics and hydroponics systems had high yield vegetable 

growth after 180 days. This is because compost tea is a liquid that contains not only all the soluble 

nutrients extracted from the compost but also all the beneficial species of bacteria, fungi, protozoa 

and nematodes that help to protect the plants from harmful pathogens and diseases (Diver, 2011).  
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Plants grown from the aquaponics and hydroponics system are not exposed to residual toxic 

chemicals found in the soil or from other agricultural production systems which can be taken up 

by the plants. Lessor no pesticides can be used in the hydroponics system during vegetable 

production, but not in the aquaponics system because pesticides can be toxic to fish. Plants nutrient 

uptake in the systems can also help to maintain pH and reduce the micronutrient deficiency in the 

vegetables in the production which is associated with pH imbalance (Diver, 2011; Diffen, 2019). 

Furthermore, Mendoza-Castillo et al. (2019) suggested that hydroponics performs better than the 

aquaponics system for growing cucumber and lettuce. Both systems had no difference in the 

survival rates of the plant, but the yield of both plants was high in the hydroponics system than 

aquaponics. Since nutrients in the hydroponics system are supplied in the ideal amount and are 

available for plant uptake, resulting in a high yield in hydroponics than in the aquaponics system. 

Schmault et al. (2014) compared nutrient distribution in tomato production using three main 

hydroponics systems; NFT, drip irrigation and floating raft culture. It was observed that the 

minerals such as N, Ca, P, K, Mg, Fe and Zn, fruit yield and quality were the same in all systems. 

However, drip irrigation performed better than the others in terms of internal fruit quality 

parameters, cumulative yield and number of fruits. This is because drip irrigation allows aeration 

which provides oxygen to the roots of the plant. Raft-based culture is not good for tomato 

production due to its unlimited water availability. This affects the fruit quality, most of the 

tomatoes may be cracked, deformed and spoiled (Schmault et al., 2014).  

Vermicompost applied at 200gm/plant from organic waste can reduce aphid infestation in cabbage 

production and results in increased leaf length and weight, cabbage round head size, standing plant 

height, root length and the total number of leaves (Mulusew Getnet and Raja, 2013). The plant 

growth is associated with humus content excreted by earthworm which contains humic acid 

(Canellas et al., 2002). 

According to Mashavira et al. (2015), different rates of water hyacinth-based compost application 

for tomato production can increase growth, yield and accumulation of heavy metals such as lead 

(Pb), copper (Cu), nickel (Ni) and zinc (Zn). This is an attribute of the presence of minerals and 

heavy metals from nutrient and mineral-rich landing rivers which the water hyacinth is based (Goel 

et al., 1989). Delayed maturity and ripening of tomato are observed in increased rates of compost 

application, this is due to increased levels of nitrogen which reduce the red tomato fruit colour and 
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increase the green intensity in the tomato fruit, thus tomatoes at a high intensity of N delay on 

reaching the fruit colour index of pale red (Goel et al., 1989; Herrero et al., 2001). 

According to Salam et al., (2014b), the type of media used and season has an impact on production 

outcomes in an aquaponics system. In this experiment tomato produced from gravel only had the 

best outcome as compared to gravel mixed with sawdust and brackets only. It had the highest mean 

plant height, leaf number, plant and fruit weight and the lowest root weight. This is because the 

gravel media maintains nutrients in the root zone and provides adequate space for gas exchange 

(Sikawa & Yakupitiyage, 2010). Licamele (2009) suggested that fish biomass and nutrient 

supplement can affect lettuce production and chlorophyll concentration index in an aquaponics 

system. It was discovered that 1kg of Nile tilapia would yield 6.4kg lettuce heads. According to 

Roosta & Hamidpour (2011), Foliar application of micro-and macronutrients in hydroponic and 

aquaponic tomato production showed that tomatoes under hydroponic system had higher biomass 

as compared to aquaponics (Roosta & Hamidpour, 2011). Furthermore, foliar application of K, 

Mg, Fe, Mn, and B increased vegetative growth of aquaponics plants and foliar application of Fe 

and B had positive effects on plant growth. The application of K, Mg and Zn increased fruit number 

and yield in hydroponics and aquaponics respectively, signifying that deficiency of some nutrient 

supply in aquaponics and hydroponics can affect plant growth and fruit production. 

The aquaponics water with nutrient supplements can yield equal or greater biomass just as in the 

hydroponics system and can also affect the chlorophyll concentration index (Licamele, 2009). 

Nutrient composition (macronutrient and micronutrient) supplied in the growth solution can 

determine the nutrient content, growth and health of the plant. Furthermore, Licamele (2009), 

nutrients do not accumulate at the same rate, as such some supplements need to match the plants' 

demand or requirement. It has been supported that zinc, iron and manganese accumulate at 

different rates in an aquaponics system therefore they must be supplied (Seawright et al., 1998). 

Nutrients can also be supplied from the system through fish solid waste or aquaponics sludge 

(Licamele, 2009). Plants such as lettuce require nitrogen for their growth in both systems, but too 

much of the nitrogen nutrient can affect the plants ripening period (Welch et al., 1983; Herrero et 

al., 2001)  

2.4 Fish 
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The types of fish that can be used in aquaponics systems require that they should either have the 

same or close type of need in terms of pH and temperature to the plants used in the system and 

ensure that none of the organisms is deficient of some resources. For example, warm water fish 

like Tilapia does well with leafy vegetables like lettuce and herbs (Nelson, 2010). A system that 

has a high stocking density of fish would require fruiting vegetables like tomatoes, pepper, beans 

and others because the effluent is rich in nutrients (Nelson, 2010; The Aquaponics Source, 2019). 

Fish raised in aquaponics include tilapia, bluegill, sunfish, koi, crappie, various ornamental fish 

such as angelfish, guppies, tetras and others.  

WorldFish (2015) reported that fish provides more than one billion poor people with most of their 

daily animal protein. Fish provides nutrients and micronutrients that are essential to the 

development of children and complete most of the important healthy diets (WorldFish, 2015). Fish 

play a role in the aquaponics system, by supplying nutrients to the plants through its uneaten food 

and waste from the fish tanks. The most raised aquatic animals in aquaponics by per cent were 

tilapia (69%), ornamental fish (43%), catfish (25%), other aquatic animals (18%), perch (16%), 

bluegill (15%), trout (10%), and bass (7%) (Love et al., 2015). 

There are different species of fish that are being raised in aquaponics production such as; tilapia, 

rainbow trout, channel catfish, yellow perch, goldfish/koi and bluegill sunfish (Grove, 2016). 

These fish species are commonly raised in aquaponics due to its resistance to changes in pH, 

temperature and stocking density (Grove, 2016). Fish and feed waste provide most of the nutrients 

required by the plants in aquaponics if the optimum ratio between daily fish feed inputs and the 

plant growing area is sustained (Robaina et al., 2019). Most of the fish used in aquaponics systems 

utilizes 20-30% of the protein in their diets releasing about 70-80% of nitrogen supplied in their 

diets to the system supplying bacteria enough nitrogen to work on and make it available for plants 

use (Robaina et al., 2019). 

According to Bethe et al., (2017), Nile tilapia raised in an aquaponics system dosed with molasses 

compost tea had a good growth performance in terms of length and weight. Furthermore, Alam et 

al. (2008) highlighted that mono sex (all males) Nile tilapia cultured in an aquaponics system 

resulted in high growth performance as compared to the mixed-sex stock of Nile tilapia. Licamele 

(2009) reported that Nile tilapia stocked at 5kg m-3 in an aquaponics system would produce a net 

yield of 1.58kg of fish at a feeding rate of 2% of its body weight. Using an NFT system to produce 
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lettuce and cucumbers with 78±1.9g average weight of Nile tilapia, stocked at 90 organisms/m3 

would produce fish with a final weight of 242.9±8.9/fish, a survival rate of 97.2±2.4%, specific 

growth rate and FCR of 4.95 and 0.99 respectively after 49 days. 

2.5 Strength and weakness of the aquaponics system 

Each of the above systems has its strengths and weaknesses and the choice of a system to be used 

for production is dependent on how the strength of the system outweighs the weaknesses. There 

are many strengths of each aquaponics system which can affect the productivity and some of these 

include; produced food is free from field pathogens which might be hazardous to the human health, 

space and water utilization, water purification, maximization of fish and vegetable production, 

water loss control, environmentally friendly, cost-effective, large fish stocking density can be used 

and many other factors (Lobillo-Eguíbar et al., 2020). In some aquaponics system, medium based 

is used and are heavy, expensive because pumps, generators and aerators might be used to run the 

system, water loss and the system is prone to infections like fungus if it is not managed properly. 

Nutrient imbalance and to determine the recommended level of feeding fish to prevent water 

quality deterioration is another challenge in aquaponics system production (Nozzi et al., 2018). 

Therefore, the choice of the type of system to be used is dependent on the type of fish and plants 

to be produced, resources availability and outstanding system of production.  

2.6  Vermicompost 

Vermicompost is the product of microbial decomposition of organic waste through the digestive 

tracts of earthworms (Dioselina Álvarez et al., 2016). This compost is capable of improving soil 

health and nutrient status and can be used in food production (Adhikary, 2016). Vermicomposting 

(a biotechnological process of composting) involves several definite species of earthworms and 

microorganisms that can be used to improve the process of waste conversion and produce a better 

product. Species of worms such as Perionyx excavates, Lumbricus rubellus, Eudrilus eugeniae, 

Eisenia fetida and Eisenia Andrei (plate 1) can be used during the vermicomposting process 

(Zirbes et al., 2011). These organisms are active under moist conditions and they also require good 

temperatures of between 10°C to 32°C.  
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Plate 1: Eisenia Andrei (adopted from Dominguez, 2012) 

Vermicomposting is one of the ways to improve production system fertility and food production, 

at the same time managing the waste and weed. The waste is converted to a useable form like 

manure or vermicompost tea which can be applied to crops or any production systems to improve 

productivity. Vermicomposting does not only serve as a waste management strategy and nutrient 

supplier but also the output of the composting contains more nutrients than the original materials 

used for composting (Adhikary, 2016). The vermicomposting end product contains about 5, 7 and 

1.5 times more nitrogen, potash and calcium, respectively (Adhikary, 2016). Plants are nutrient 

demanding organisms; hence nutrients have to be supplied into their production systems to 

increase yield and also control pests and diseases. As such water hyacinth-based vermicompost tea 

would be one of the nutrient supplements to improve vegetable production. 

Use of vermicompost tea is demanded from aquaponics and hydroponics producers to decrease or 

eliminate the use of synthetic fertilizers, and utilize renewable, locally available materials. During 

the study by Fox et al. (2012), aerated vermicompost tea was used to compare the growth of 

pakchoi and the buffering capacity of the vermicompost over synthetic fertilizer. The 

vermicompost was good in terms of both growth and buffering capacity as compared to synthetic 

fertilizer. Churilova and Midmore (2019) reported that the use of kitchen waste as material for 

vermicompost for pakchoi production was not a success. The study used NFT and pot hydroponics 

system and even though the results were not successful but comparing the pot and NFT system, 
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pot hydroponics performed better because it was able to buffer the pH making some nutrients more 

available than in the NFT. According to Raja (2019), the use of hydroponics water to produce 

green herbal from seaweed, Turbinaria conoides liquid fertilizer gives high yield and growth. 

2.7 Nutrient quality and heavy metal  

Lettuce is one of the most widely consumed vegetables worldwide, which is low in calories, fat 

and sodium and it is a good source of fibre, iron, folate, and vitamin C (Kim et al., 2016). Leafy 

vegetables accumulate trace elements more than fruiting vegetables, and lettuce is one of the leafy 

vegetables which is known to accumulate excessive nutrients (El-shinawy and Gawish, 2006; 

Gupta et al., 2019). Because of this ability, different systems of production and nutrient sources 

are being developed to improve its productivity and at the same time reduce the risk of excessive 

nutrient accumulation which is associated with human health issues. Increased nitrogen treatment 

levels improved growth and biomass for lettuce plants grown in a hydroponics system, where the 

foliar nitrate content is high (Lastra et al., 2009).  

Some trace elements are important ingredients to animals, humans, and plants, but increased 

concentration can cause toxic effects and the toxicity of heavy metals is dependent on metal 

mobility in free form. Vermicomposting of waste materials of green weed Salvinia natans using 

Eisenia fetida showed an increase in heavy metal concentration when the volume and weight of 

the compost material decreased, but it later decreased with time towards the end of the 

vermicomposting process (Singh and Kalamdhad, 2016). This was so as the metals bioaccumulate 

in the worms tissue and forming organic-metallic complexes in their intestines, which reduces the 

solubility of heavy metals (Goswami et al., 2013). Solubility reduction is possible through cellular 

adaptation by binding of heavy metals to nuclear proteins forming nuclear inclusion bodies; and 

the cytoplasmic process which involves the synthesis of the specific metal-binding protein, 

metallothionein, within thenchloragogenous tissue (Hait and Tare, 2012). 
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Chapter Three: Materials and methods 

3.1 Description of the experimental setup 

The experiment was conducted at the aquaponics unit of the Zoological Sciences Department, 

Addis Ababa University. The experiment constituted of two Nutrient Film Technique (NFT) 

system, non-circulating hydroponic and circulating aquaponics systems. A Nutrient Film 

Technique (NFT) system (plate 2) was used in this experiment and each system had a plant 

growing trough made of PVC pipes with thirty-three planting holes.  

The hydroponics system (plate 2) consisted of three PVC pipes which were used as the plant grow 

bed each with eleven plant pots. The plant pots were fitted with net cups made from plastic bottles 

which were filled with gravel and a sponge to support the plant and help hold moisture. The PVCs 

were connected and aligned in the direction of a nutrient solution (WHBVT and hydroponics 

solution) reservoir which was located at the lower part of the system. This reservoir was located 

at the lower part of the system connected with an air stone for oxygen, whereby the nutrient water 

was hand supplied to the plants through irrigation. Plants were irrigated four times a day (8 am, 11 

am, 2 pm and 5 pm) at the beginning of the experiment to maintain moisture in the cups because 

at this time the plants had short roots hence cannot reach the bottom of the cup to take up nutrients. 

Then irrigation interval was reduced to twice a day (9 am and 5 pm) when the plants extended their 

roots outside the growing cup.  The nutrient solution was irrigated to each plant pot, the sponge 

and gravel would help hold some of the nutrient water. Some of the nutrient water would remain 

in the pipe the rest would drain back to the nutrient reservoir tank.  

The aquaponics system (plate 2) had a fish rearing tank of 350L of water with an air stone 

connected to maintain supply oxygen to the system. The fish tank was connected to a biofilter tank 

which comprised of gravel which acted as a bacteria media growth bed. Water from the fish tanks 

was drained to the reservoir tank, which was later pumped to the biofilter and clarifier and then 

drained to the plants (for nutrient take-up) with the help of gravity and back to the fish tank. Water 

used in this experiment was supplied from the reservoir tank located outside of the greenhouse. 
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a) b)

Plate 2: a) Aquaponics and b) hydroponics system. 

3.2 Experimental design 

The experiment was conducted in a Nutrient Film Technique system for 60 days (12th May-8th 

August), and it was laid out in a completely randomized design (CRD). Five treatments were 

employed in this experiment; untreated hydroponics (UH), untreated aquaponics (UA) and treated 

hydroponics (TH) with the liquid application of the water hyacinth-based vermicompost tea dosed 

at 30%, 40% and 60% dilutions for growing lettuce (Copetta et al., 2011). Untreated hydroponics 

and untreated aquaponics system in the experiment served as the control.  

Untreated hydroponics was nourished with nutrient solutions made from different combination of 

elements such as potassium phosphate, boric acid, monoammonium phosphate, magnesium 

sulphate, calcium nitrate, copper sulphate and sodium molybdate. All treatments were done in 

duplicate and each experimental unit (n) had an equal chance of being a recipient to any of the 

treatment. Ten experimental units were used during this experiment and laid out as shown in table 

1; 
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Table 1: Experimental design 

Experimental 

unit(s) 

1 2 3 4 5 6 7 8 9 10 

Treatment(s) UH TH60% TH30% UH TH60% TH40% TH30% TH40% UA UA 

(UH= Untreated hydroponics with standard prepared hydroponics solution, UA= Untreated 

aquaponics, TH30%= Hydroponics treated 30% dilutions of vermicompost tea, TH40%= 

Hydroponics treated 40% dilutions of vermicompost tea and TH60%= Hydroponics treated 60% 

dilutions of vermicompost tea representing treatments) 

3.3 Source of vegetables and production 

Lettuce seedlings used in this experiment were transplanted from the nursery bed which was 

constructed behind the greenhouse within the Addis Ababa University premises. These seedlings 

were transplanted to the hydroponics system 10 days after sprouting when the plants had developed 

a second set of leaves (Date et al., 2005). The plants were thoroughly washed to remove any soil 

from the roots, then transferred to a sponge for plant support. Then this sponge was placed in the 

plant growing plastic cup filled with gravel. After transplanting, the seedlings were subjected to 

the nutrient solution and water hyacinth-based vermicompost tea treatments. 

3.4 Nutrients preparation 

3.4.1 Hydroponics nutrient preparation 

Lettuce plants grown in the untreated hydroponic systems were nourished with a nutrient solution 

that consisted of: 2.5mM Ca(NO3)2 .4H2O, 0.2mM KH2PO4, 0.2mM K2SO4, 0.3mM MgSO4 .7H2O, 

0.1mMNaCl, 20µM Fe-EDDHA, 7µM MnSO4 H2O, 0.7µM ZnCl2, 0.8mM CuSO4 5H2O, 2µM 

H3BO3 and 0.8µM Na2MoO4. The solution was changed every 2 weeks. The nutrient solution for 

the hydroponic system was prepared using deionized water (Somerville et al., 2014; Rakocy et al., 

2016). 

3.4.2 Vermicompost tea preparation and application 

The water hyacinth used for making the vermicompost was collected from Lake Ziway. Then it 

was transported to Batu Fisheries and Other Aquatic Life Research Centre for composting. 

Vermicomposting was done for two months following the procedure in Gezahegn Degefe et al., 
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(2012). The vermicomposting process took place in a vermicomposting unit with a dimension of 

12 m X 5 m (L X W) compartmentalized into six (LXW, 2.5m X 1.2m with 30cm depth) 

composting pits. Eisenia fetida species of earthworms collected from Adami Tulu Agricultural 

Research Center were used in the composting of the water hyacinth. The processing started by 

cutting the whole water hyacinth plant in segments of 2 to 3 cm and mixing it in 3:1 ratio with air-

dried, powdered cattle manure (CM). This mixture was pre-treated for two weeks by forming a 

pile of 30 cm covered with a dark plastic sheet. The pile was watered and turned every other day 

to eliminate volatile gases potentially toxic to earthworms. Each pit was inoculated with 400 grams 

of worms (E. fetida) and then was covered with a shade net to prevent moisture loss and birds or 

rodents eating the worms. The process took 2 months to complete and homogenized samples were 

taken from the pits to use in the study at Addis Ababa University where it was processed into tea 

as a nutrient solution for the hydroponics system. Vermicompost tea brewing is done to increase 

the abundance and diversity of the microbial population already present in the compost.  
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Plate 3: The beginning of the vermicomposting process 

 

Plate 4: The end of the vermicomposting process. 

The manure was mixed with dechlorinated water in a bucket at a ratio of 1:4, the mixture was 

aerated by allowing it to stand for three days with temperature ranging from 18.3-24.1oC 

(Weltzien, 1991; Fritz et al.,2012). The aerated WHB vermicompost tea was then sieved using a 

600-µm sieve (Supertek standard test sieve), and the following dilutions were prepared from the 

brewed tea 120 ml, 160ml and 400 ml and each were diluted in 20L of water to achieve 30, 40 and 
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60% concertation of the tea. These dilutions were then supplied to the plants by irrigating the 

solution to the plants dosed at 300ml/plant per day according to Pant et al. (2011). 

Plate 5: Vermicompost tea processing 

3.5 Data Collection 

3.5.1 Water quality parameters 

Water quality parameters such as pH and temperature were monitored twice a day (9 am and 5 

pm) every day using Adwa AD 111 pH/mV/oC meter. Conductivity, salinity and total dissolved 

solids were measured twice every two weeks, before and after changing the nutrient solution and 

this was done using a conductivity meter (model 145A+). Ammonia (Phanate method), nitrate 

(Sodium salicylate method), soluble reactive phosphorous (Ascorbic acid method) and total 

phosphorous (persulfate digestion) concentrations were analyzed at 2 weeks interval using a 

spectrophotometer following the procedure by APHA (1999); Wood & Robertson (2015). 
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Plate 6: Taking temperature and pH readings and ammonia analysis 

3.5.2 Plant growth and development 

There are different features of a plant that can be observed and measured in an experimental period 

to determine the growth and development of a plant. Plant features such as whole plant head and 

dry weight, shoot wet and dry mass, leaf area, wet and dry mass of roots, root-shoot ratio, growth 

rate, shoot length and others can be used to determine growth.  

The plant shoot length and leaf area (plate 7) were recorded every 3 days during the experiment 

for 60 days, the leaf area was determined by ImageJ (version1.53c) software. At the end of the 

experiment, representative plant samples were collected from each treatment to compare the 

growth of lettuce. Each collected plant sample was weighed to determine its head weight using a 

digital scale (YP Series Precision Balance). To determine plant growth rate the final shoot length 

was subtracted from the initial shoot length than multiplied by the number of days of the 

experimental period. To obtain dry weight the plants were dried overnight in an oven at 100oF, 

then weight for each plant was recorded. After obtaining the whole plant dry weight, the roots and 

shoots were separated from the plant and weighed independently to obtain the Root-shoot ratio. 

All this was done following the procedure by Wood & Roper (2000); Li et al., 2018). 
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Plate 7: Leaf area determination a) original image and b) refined image when subjected to 

ImageJ 

3.5.3  Heavy metal analysis 

3.5.3.1. Heavy metal analysis in vermicompost tea 

To determine the properties of WHB vermicompost tea, vermicompost tea extract was poured into 

a crucible and placed in an oven at 70 °C for an hour. The condensed material was ashed in a 

heavy-duty muffle furnace at 350 °C. The dried ash was then digested in HCl 2M and was 

determined using atomic absorption spectrometry (Zarei et al., 2018).  
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3.5.3.2 Heavy metal analysis in lettuce samples  

Lettuce was harvested and collected from the greenhouse 60 days after transplanting. The samples 

moisture content was recorded then packed in polythene bags and carried to the Fisheries 

laboratory in the same department for oven drying. The samples were oven-dried at 100oF for 24 

hours. Final dry weight was recorded, then the samples were transported to Hortcoop for sample 

digestion and heavy metal analysis was done at JIJE laboratory. The dried samples were grounded 

using a mortar and 2g of each powdered sample was weighed using the electronic balance then 

furnace dried at 400oC for 3-4 hours. The sample was poured in a digesting flask and 30ml of 

concentrated Nitric Acid (65%) HNO3 was used to digest the sample. The heavy metals in the 

plants were analyzed using the atomic absorption spectrophotometer (model AA6300) 

(Boamponsem and Kumi, 2012; Yang et al., 2017; Bahiru Daghe and Endate Teju, 2019). 

3.6 Nutrient quality analysis of vermicompost tea and lettuce 

To determine the nutrient quality of the vermicompost tea, fish and lettuce several methods were 

applied; total nitrogen was determined by the method of Micro-Kjeldahl (Bremner and Mulvaney 

1982), total potassium by the use of flame photometer (Page et al., 1985), magnesium by 

inductively coupled plasma atomic emission spectroscopy and total phosphorous by molybdate 

vanadate yellow method (Chapman and Pratt, 1961). Concentrations of Fe, Zn, Cu and Mn by the 

method of dry ashing and digesting in HCl 2M, and the elements were then determined using 

atomic absorption spectrometry (model AA-670G) method (Chapman and Pratt, 1961). 

3.7 Data Analysis 

Data were analyzed using SPSS (Statistical Package for Social Sciences) computer package 

version 20 for Windows and Microsoft Office Excel 2019. One-way analysis of variance 

(ANOVA) was used to determine significant differences in water quality and plant growth 

parameters among different treatments. A simple linear regression model was applied to determine 

the relationship between nutrient solution rate and growth of lettuce at an alpha level of 5%.  
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Chapter Four: Results and discussion 

The treatments in this experiment did not have an impact on the water quality except for plants 

dosed with a nutrient solution that had higher ammonia than the treatments dosed with WHBVCT. 

High growth, leaf area and shoot length were recorded from plants dosed with the nutrient solutions 

than the treatments with WHBVCT. Lettuce produced from treatments dosed with WHBVCT were 

within the acceptable limits in terms of nutrient quality and metal concentration for human 

consumption, except for lead (for planted dosed at 30% and 40%) and iron which was above the 

permissible limit. Plants from the UH and UA were attacked with fungi and aphids, which was not 

observed from the treatment dosed with WHBVT. 

4.1 Water quality 

Water quality parameters such as temperature and pH were recorded during the experiment. Water 

temperature in the plant root zone both morning and afternoon varied from 13.10ºC to 25 ºC, both 

the minimum and maximum temperature ranges were observed in the morning. The higher 

temperature ranges were recorded from the beginning of the experiment due to sunlight. 

Temperature differences were not significantly different among the treatments (P > 0.05) (Table 

2). pH ranged from 5.87 to 8.66 during the experimental period. UH was significant to the rest of 

the treatments (P < 0.05) in the morning observations. DO range between 4.69—6.98 mg/L in the 

treatment during the experimental period. The concentration of dissolved oxygen indicated UA 

was significantly different from the other treatments (p > 0.05). 

The ideal water temperature range in hydroponics systems for lettuce production is between 15 oC 

to 25oC (degrees Celsius). Increased temperature is related to increased growth rate and lower 

temperature affects growth. This agrees with the results that lower temperature was recorded in 

the morning and increased during the day. Morning temperature observations are a representation 

of activities that happen at night. Optimal increased temperatures result in induced water and 

nutrient uptakes, speeding metabolic processes most of which are enzymatic and require optimum 

temperatures range (Brechner et al., 2016). Hence shoot growth, the nutrient solution, therefore, 

supplies the heat energy required for optimum plant growth and development  (Gorbe et al., 2008; 

Brechner et al., 2016). 
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Increasing temperature also facilitates solubility of mineral nutrient uptake since the rate of 

dissolving of solutes increases with increase in temperature (Huang, 2006). Temperature tends to 

determine the concentration of nutrients absorbed by the plant since more nutrients are dissolved 

at higher temperatures (Nxawe et al., 2011). But if the temperature below and above the optimal 

ranges, the metabolism starts to deteriorate and as result chemical processes slow down or are 

stopped, and plants are stressed, reduce growth, anthracnose, leaf top burn can develop and can 

even die (Brechner et al., 2016). During the experiment, the conditions in the systems were 

favourable for the growth and development of lettuce (Silva et al., 2018). 

The pH from both hydroponics and aquaponics systems had recommendable pH levels in which 

both lettuce and fish can survive and grow. The optimal pH range for lettuce in hydroponics and 

aquaponics system is between 5.5-7, too high or too low pH it affects nutrient mobility and uptake 

of nutrients. The pH kept fluctuating between 5.87-8.66, signifying the nutrients were being used 

by the plants in the systems. The treatments dosed with WHBVCT in the hydroponics systems did 

not have any impact on the pH quality of the nutrient solution in comparison to the control.  

According to Pennisi and Thomas (2015), when the pH is too low, the micronutrients become more 

mobile and are absorbed more than what the plant needs, resulting in this potential for toxicities. 

It also promotes nutrient toxicity in water and growth is reduced. When the pH is too high, the 

micronutrients mobility is reduced and the plant cannot take up enough. This results in deficiencies 

which can affect some of the plants' properties such as leaf area, leaf number, shoot dry weight, 

leaf length and width, photosynthesis and chlorotic growing tip and young leaves (Pennisi and 

Thomas, 2015). High pH can reduce solubility and nutrient uptake for iron (Fe), manganese (Mn), 

zinc (Zn), copper (Cu), and phosphorus (P) to plants; low pH can reduce potassium (K), sulfur (S), 

calcium (Ca), magnesium (Mg), and P availability to plants (Roosta and Rezaei, 2014). In a study 

on lettuce, the plants treated with low pH had a higher concentration of micronutrients in their 

shoots than those treated with higher pH (Roosta, 2011).  

Fertilizer salts availability is important to plants and can be controlled by the pH of the solution. 

If a solution is rich in phosphates and the temperatures are above 20oC, uptake of phosphate from 

the solution increases which may result in lower levels of pH which was not the case in this trial. 

The decrease in the pH can also be presumably associated with the oxidation process undertaken 
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by bacteria and not temperature alone, indicating that there was no relationship between 

temperature and pH (Brechner et al., 2016).  

Brechner et al., (2016), reported that dissolved oxygen (DO) measurements indicate the amount 

of oxygen available in the nutrient solution for the roots to use in respiration. Lettuce can grow 

performs better at a DO level of at least 5 mg/l. When oxygen is not supplied to the nutrient solution 

which is passed through the plant roots, DO levels drop to approximately 0 mg/l. Pure oxygen is 

added to the recirculation system in the reservoir tank with the assistance of air stones and at this 

level, the DO is maintained. Dissolved oxygen is an important parameter because it is required in 

the process of oxidation of ammonia and for fish and vegetable survival. To maintain fish and 

vegetable optimum growth,  an optimum DO concentration should be maintained above 5 mg/L 

(Colt, 2006). DO concentration of less than 2 mg/L, is insufficient to oxidize ammonia to nitrite 

and nitrate by nitrifying bacteria (Hargreaves, 2006).  

Results in Table 2 indicate that conductivity was significantly different (P < 0.05) between 

treatments. Electric conductivity ranged from 87 µS/cm to 1407 µS/cm, with the lowest volume 

observed before changing the nutrient solution (nutrient water used for 2 weeks) and the highest 

after changing it (after adding the nutrients). UH was different overall the treatments before and 

after changing the nutrient solution. Comparing the EC from TH30%, TH40% and TH60% before 

changing the water TH60% recorded the highest followed by TH40% and TH30%. After changing 

the nutrient water TH30% had the highest, TH60% and TH40% was the least. For Lettuce 

production under hydroponics and aquaponics systems, the EC should be between 0.8 and 3 

mS/cm and less than 1mS/cm (Wortman, 2015; Bruce and Singh, 2016; Sublett et al., 2018). EC 

ranges outside the optimal levels affect leaf nitrate concentration and increase phenolic compounds 

and antioxidant enzymatic activity, which reduces plant fresh weight (FW) and dry weight (DW), 

leaf size, photosynthesis and transpiration, consequently lowering yield (Scuderi et al., 2011; 

Zanin et al., 2009; Ding et al., 2018).  This is in line with the results from TH30%, TH40% and 

TH60% of EC, leaf area, wet and dry weight and yield were significantly different from UH due 

to insufficient nutrient availability. Meaning that UH and UA had a higher amount of dissolved 

salts as compared to TH30%, TH40% and TH60%. But it does not agree with the results for UA 

where the EC was significant and yield, leaf area, dry weight was insignificant. This means that 

EC cannot be the only determinant of nutrient availability and plant growth, organic metabolites 

https://link.springer.com/article/10.1007/s13201-016-0418-z#ref-CR4
https://link.springer.com/article/10.1007/s13201-016-0418-z#ref-CR16
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and alternative nutrient form or ratio can be some of the contributing factors to the plants growth 

(Wortman, 2015).  

Comparing the WHBVCT treatments the TH60% dose had a higher concentration of salts followed 

by TH30% and TH40% was the least. EC initial was lower than the EC final during the experiment 

because EC final is subjected to pH changes and disassociation of ions affects the concentration 

of the final EC level. According to Abou-Hadid et al., (1996), increased EC in different lettuce 

variety reduced yield with no difference in nitrate levels. But the results showed an increase in the 

concentration of phosphorous, zinc, manganese, calcium and iron in leaf. Mineral nutrient 

concentration increases with an increase of EC, except for potassium, because it can reach a 

saturation point and decrease in plants exposed to high concentrations (Sublett et al., 2018). 

Ammonia ranged between 0.04mg/l to 5.35 with a minimum level of ammonia observed from UA 

and the highest in UH. UH was significantly different from UA, TH30%, TH40% and TH60%. 

Comparing the concentration of ammonia from TH30%, TH40% and TH60%; TH60% had the 

highest concentration and TH30% had the lowest. Nitrate concentration ranged between 0.05gm/l 

to 2.30 mg/l, UH was significantly different from UA, TH30%, TH40% and TH60% and the 

minimum was observed from UA and the maximum from UH. Comparing TH30%, TH40% and 

TH60%, TH30% had the highest and TH60% the lowest, and UH was significant when the means 

were compared. 

Optimal ammonia concentration for producing lettuce is less than 2mg/l (Savvas et al., 2006), of 

which all the treatments were within the acceptable ranges of concentration. But when ammonia 

levels are less the pH levels decline which affects the availability of bacteria fixing colonies 

because it is acidic, essential elements to plants and plant growth is affected (Jones, 2005). Nitrate 

availability is associated with the concentration of ammonia, nitrite and nitrifying bacteria colonies 

in the nutrient solution and biofilter, when the ammonia concentration is high then the water will 

also have an increased nitrate level. Less than 1mg/l is considered as the maximum concentration 

for nitrate (reference) if it is greater than it means the plants in the system are not enough hence 

other plants need to be added.  

TDS ranged from 78mg/l to 610mg/l, with the lowest observed from UA, TH30% and TH40% 

before changing the water and UA after changing the water, while UH recorded the highest before 

https://www.researchgate.net/profile/Sam_Wortman
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and after changing the water. Before changing the water TH60% recorded the highest then TH40% 

and TH30% after the water was changed TH30% recorded the highest followed by TH60% and 

TH40%, but overall UH was significant when the means were compared. All the treatment was 

below the normal TDS range but UH was significant to UA, TH30%, TH40% AND TH60%, 

meaning that UH had more soluble substances than the rest of the treatments. It is important to 

maintain the aquaponics system under acceptable amount TDS to lower the risk of disease 

susceptibility (Kjelland et al., 2015). The total dissolved solids (TDS) is the measure of ions in 

water. These are a balance of both cation and anion. It is mainly derived from the uneaten feed and 

feed residue; dissolved salts from nutrient solutions in aquaponics and hydroponics systems.   

Total phosphorous was from 0.05mg/l to 2.30mg/l, the concentrations were observed from UA 

and UH and UH was significant. When TH30%, TH40% and TH60% concentrations were 

compared TH30% had the highest and TH60% the least. Soluble phosphorous ranged from 0.1mg/l 

which was recorded in TH40% to 1.67mg/l recorded in UH, and UH was significantly different 

when the means were compared. On average TH30% had the highest concentration and TH40% 

had the least when TH30%, TH40% and TH60% were compared Table 2. 

The phosphorous concentration range of between 0.025 and 0.1 mg/l stimulates plant growth, any 

concentrations above 0.1mg/l accelerate plant growth consequences and if the water is released 

into the environment can cause eutrophication in water bodies (Dodds & Smith, 2016). According 

to the results above all the systems were within the recommendable concentration of phosphorous. 

 

 

 

 

 

 

 

 



36 

 

 

Table 2: Water quality parameter in hydroponics and aquaponics systems with mean ± SE 

  Treatment     

Parameter UH-

nutrient 

solution 

UA-nutrient 

solution 

TH 

Vermicomp

ost tea 30% 

TH 

vermicomp

ost tea 40% 

TH 

Vermicomp

ost tea60% 

P-

Valu

e 

Temp 

Morning 

17.94±0.18a 17.60±0.15a 18.0±0.18a 17.9±0.17a 17.95±0.187

a 

0.508 

Temp 

Afternoon 

20.27±0.14a 20.08±0.15a 20.29±0.14a 20.29±0.14a 20.30±0.14a 0.289 

pH Morning 7.17±0.04a 7.60±0.02b 7.66±0.14b 7.65±0.02b 7.56±0.03b 0.000 

pH evening 7.06±0.03a 7.66±0.03b 7.59±0.03b,c 7.60±0.02b,c 7.47±0.03c 0.000 

DO (mg/L) 4.89±0.01a 6.98±0.02b 4.78±0.01a 4.89±0.01a 4.8±0.01a 0.00 

EC (mS /cm) 1075.70±99

.10a 

176.57±15.56

b 

248±19.79b 242±12.53b 294.10±18.5

6b 

0.000 

TDS (mg/l) 521.40±48.

49a 

90.14±4.74b 117.90±9.52

b 

114.80±5.89

b 

139.00±8.60

b 

0.000 

Ammonia 

(mg/L) 

1.76±0.54a 0.70±0.23b 0.41±0.11b 0.70±0.20b 0.84±0.24b 0.032 

Nitrate 

(mg/L) 

1.19±0.19a 0.48±0.13b 0.51±0.11b 0.39±0.07b 0.44±0.06b 0.000 

Total 

Phosphorous 

(mg/L) 

1.19±0.19a 0.49±0.13b 0.51±0.11b 0.39±0.07b 0.44±0.06b 0.000 

SRP (mg/L) 0.50±0.16a 0.13±0.03b 0.17±0.06b 0.12±0.03b 0.10±0.02b 0.005 

Values in the same row with different superscripts are significantly different at (P < 0.05). 
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4.2 Plant growth and development 

Shoot length did not show any significant difference in between the plants for different treatments 

initially. Between treatments, a significant difference in all the plant growth parameters was 

observed (P < 0.05). UH and UA performed better than the other treatments (Table 3). The final 

shoot length for UH and UA did not show any significant difference Classifying shoot length into 

weeks showed that there was no difference in from week 1 through week 5, but a significant 

difference was observed from week 6 to week 8 of the experiment (figure 9). Minimum average 

shoot length was recorded in TH40% and the maximum average length in UA. 

 
Figure 9: Shoot length presented in weeks 

 

Both UH and UA had a large leaf area as compared to lettuce plants in treatment TH30%, TH40% 

and TH60%. There was no significant difference in the final leaf area was observed in between 

lettuce plants grown using the various dilutions of water hyacinth-based vermicompost tea. In 

terms of growth rate, UH and UA proved to grow better as compared to vermicompost tea 

treatments.  

0.00

5.00

10.00

15.00

20.00

25.00

30.00

0 2 4 6 8 10

Sh
o

o
t 

le
n

gh
t 

(c
m

)

number of weeks

Shoot lenght in weeks

UH

UA

TH30%

TH40%

TH60%



38 

 

 

Plant head weight and Dry weight from both UH and UA were not significant between each other 

but rather with the rest of the treatments. Whereby the minimum average head weight was observed 

in TH30% and the maximum from UA. Despite TH30% having the least head weight, there was 

no significance among the treatments dosed with WHBVCT at 30%, 40% and 60%. The root-shoot 

ratio was between 0.11 and 1.23 with the lowest ratio recorded from UA and the highest from 

TH30%. There was no significance between UH and UA, but UA had a lower ratio as compared 

to UA. UH and UA were both significant when compared- with TH30%, TH40% and TH60%. 

There was also no significance among TH30%, TH40% and TH60%, but the minimum and 

maximum ratio were observed in TH60% then TH40% and lastly TH30%.  

Table 3: Growth performance parameters of lettuce grown using water hyacinth-based 

vermicompost tea at various dilution levels (30%, 40% and 60%), standard hydroponic solution 

and aquaponic systems with mean ± SE 

  Treatment     

Paramete

r  

UH-

Standard 

nutrient 

solution 

UA-

Standard 

nutrient 

solution 

TH 

Vermicompos

t tea 30% 

TH 

Vermicompos

t tea 40% 

TH 

Vermicompos

t tea60% 

P-

Valu

e 

Shoot 

Length 

initial 

0.73±0.05
a 

0.68±0.05a 0.6±0.04a 0.61±0.04a 0.72±0.03a 0.097 

Shoot 

Length 

final 

24.22±0.8

6a 

24.79±1.17
a 

9.72±0.31b 9.56±0.27 b 10.99±0.47 b 0.00 

Leaf area  70.52±3.5

2a 

80.21±12.2

3a 

12.38±0.91b 15.80±0.91b 18.13±2.54b 0.00 

Growth 

Rate 

0.77±0.04
a 

0.87±0.14a 0.13±0.01b 0.17±0.01b 0.19±0.03b 0.00 

Dry 

weight  

4.03±0.31
a 

4.87±0.90a 1.21±0.09b 1.21±0.09b 1.38±0.15b 0.00 

Root: 

shoot 

Ratio 

0.18±0.01
a 

0.19±0.02a 0.76±0.04b 0.67±0.06b 0.69±0.05b 0.00 

Values in the same row with different superscripts are significantly different at (P < 0.05). 
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There was a total of 66 lettuce plants in each treatment, at the end of the experiment UH had the 

least of plants harvested from its system (Table 4). Sixty-three plants were harvested from UH, 

UA, TH30% and TH60% 65 plants were harvested and TH40% had 66 harvested. Plants in UH 

were infested with fungi (powdery mildew) and aphids, UA was attacked by fungi while TH30% 

and TH60% the plant just dried. Large plant biomass, shoot and root were observed in UA, with 

the least recorded form TH40%.  

 a) b) 

Plate 8: a) Powdery mildew and b) Aphids 

 

 

Plate 8.: vegetable showing some nutrient deficiency in treatments dosed with WHBVCT 
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Table 4: Plant biomass 

Treatment 

Parameters UH UA TH30% TH40% TH60% 

Total number of plants 66 66 66 66 66 

Number of plants harvested 63 65 65 66 65 

Total biomass (m2) 4919 6064.10 1727.48 632.28 1034.37  

Average Wet shoot weight (g) 4364.12 6232.67 374.44 389.28 517.22 

Average Wet root weight (g) 555.77 995.01 271.89 261.16 398.60 

 

Plant root-shoot ratio can be used to determine the plants nutrient uptake, biomass and growth, 

plants that are between 0-25 cm their expected ration is 18% and a lower root-shoot ratio stands 

for a higher plant performance (Bláha, 2019). This means that a plant has a probability to take up 

more nutrients and increase its biomass and also increase the resistance to stress. Both treatments 

in hydroponics and aquaponics controls had lower ratio, which is in line with Blaha's report that 

these plants perform better than the ones dosed with the Vermicompost. This can be a probable 

reason why UA had a high moister content, followed by UH, TH60%, TH40% then TH30%. 

4.3 Lettuce is grown from hydroponics and aquaponics system 

Comparing the growth of lettuce plants from UH and UA did not show differences, but UA had a 

better plant survival, biomass. The lettuce plants from both UH and UA did not show a significant 

difference in the root-shoot ratio, leaf area and shoot length. Lettuce plants from UH were attacked 

by aphids and fungi, while the UA was only attacked by fungi. 
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 a) 

 b) 

Plate 9:  Plants from a) the aquaponics system and b) hydroponics system 

Plants grown from both hydroponics and aquaponics system were not significant, but during the 

experiment, the aquaponics system performed much better than hydroponics system. There are 

several reasons why aquaponics did better, some of which were due to continuous flow of nutrient 

water and the supplementary nutrients which is rich in magnesium, calcium, potassium and sodium 

that came from the fish (Pantanella et al., 2012). The effluent water from the fish tank is also rich 

in ammonia and decay material. When this has been nitrified by bacteria it is converted to nitrate 

which can be used by plants for growth. This supplementary process is absent in hydroponics 

system which makes aquaponics system better. The continuous flow of water to the plant roots 

allows the plant to take up nutrients and oxygen through the plant system. The nutrient is used for 

growth and another metabolic process, while the oxygen allows gas exchange and transpiration 

(Lolium, 2016). This is one of the reasons why lettuce from aquaponics grew better, had higher 

biomass and was not curving in when growing.    

In the past papers revealed that the use of vermicompost manure suppressed the damage from 

aphids, spider mites and jassids for plants in both the field and greenhouse (Joshi et al., 2014; 
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Ersahin, 2014). The worms used in vermicomposting release a compound containing chitinase 

enzyme which helps in controlling arthropod pests by breaking down the chitin of insects 

exoskeleton (Munroe, 2007; Edwards et al. 2010). The brewing of aerated vermicompost aqueous 

extract could pose and release soluble nutrients, free enzymes, humic and fulvic acids, plant growth 

hormones, plant regulators, soluble phenolic compounds, alcohols and a wide range of 

microorganisms (Edwards et al., 2006). These compounds are passed to plant tissues from aqueous 

extracts of vermicompost which may be the reason for the suppression of pests due to antagonisms 

between pathogens and other microorganisms competition for pathogen infection site or 

destruction of pathogen propagules such as spores (Arancon et al., 2005; Edwards et al., 2006; 

Edwards et al. 2010). Vermicompost that has some component of cattle manure inhibits fungi 

growth, foliar pathogens and pests (Ersahin, 2014). These could be the probable reasons why 

lettuce plants which were dosed with WHBVCT were infested with neither aphids nor fungus.  

4.4 Quality of  VCT and vegetables dosed with various dilutions of hyacinth based 

vermicompost tea 

4.4.1 Nutrient quality and composition of VCT and lettuce plants 

The following nutrients were analyzed N, P, NO-
3, Na, and B, from both the vegetable samples and 

VCT to determine the nutrient quality of the vegetables as presented in table 5 below. VCT was 

rich with nitrogen, but the concentration was lower in the plants. Plants dosed with TH60% and 

TH40% did not have a difference in the level of nitrogen and TH30% had the lowest. Phosphorous 

concentration in the vegetables decreased with the increased dose of the VCT in the lettuce plants. 

The TH30% had the highest P concertation followed by TH40% and the TH60% recorded a lower 

P concertation. 

Potassium concentration was high in the plants dosed with TH40% followed by the TH60% then 

the TH30% had a lower concentration of potassium. VCT had a high nitrate concentration in its 

solution compared to the available NO-
3 in the plants. The concentration of nitrate in the plant 

tissue increased with an increased level of dose, TH30% had a lower nitrate concentration than the 

TH40% and TH60%. But there was no difference between plants dosed with TH40% and TH60%. 

Sodium was low in the VCT but was high in the plants dosed with TH30% while TH40% and 

TH60% sodium concentrations were low (TH40% was the lowest).  
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Table 5: Nutrient quality analysis for VCT and lettuce plants grown under various dilutions of 

water hyacinth-based vermicompost tea (TH30% while TH40% and TH60%). 

Parameters Method Acceptable 

limit 

VCT TH30% TH40% TH60% 

N Wet dejection, 

Kjeldahl 

distillation 

 22000 7000 8300 8300 

P Colorimetric 

method 

900-

1200mg/day 

337 130312.50 89362.50 43300 

K Flame Photometry 400-

5500mg/day 

235 27250 40000 37500 

NO-
3 Wet dejection, 

Kjeldahl 

distillation 

2500 970 310 390 390 

Na Flame Photometry 920-

2300mg/day 

195 6500 4000 4625 

B Azomethine-H, hot 

water extraction 

50-200 16.75 17 24.56 17.75 

Note: The results are in mg/kg  

Nutrient quality of vegetables can determine if the vegetable can be consumed and cause no harm 

to humans and the plant. Across the world, leafy vegetables are important sources of different 

nutrition for most of the human diet. But if the vegetables have excess or limiting amount of 

nutrients, they can affect human health, food production and also animal health. The amount of 

nutrient analyzed from this experiment in VCT and the lettuce dosed with the VCT were within 

the acceptable limits for human consumption table 5 (Anjana et al., 2007). Nutrients for example 

nitrate can be limiting in plants due to low light availability and nitrate concertation in the nutrient 

solution, and nitrate accumulation occurs if there is an imbalance between absorption and 

assimilation of nitrate ions or ammonium, and surplus quantities are stored in the vacuoles 

(Cometti et al., 2011). 

The VCT and Lettuce dosed with WHBVCT had nitrate and sodium concentration which were 

within the acceptable limit for human consumption table5. Consumption of lettuce plants from the 
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hydroponics system which has been dosed with WHBVCT at 30%, 40% and 60% can be 

considered safe for consumption. Because the excess amount of these nutrients can cause harm to 

the human population and can also affect plant growth and development. Nitrate content is strictly 

regulated because its toxicity can cause methemoglobinemia (Blue baby) in infants, and there is 

also a risk of specific cancers and birth defects (Ward et al., 2018). The actual toxin is not the 

nitrate ion itself but rather the nitrate ion, which is formed when nitrate is reduced by intestinal 

bacteria (Uwah and Abah, 2009). High accumulation of Sodium can cause hypertension in 

humans, and the same thing happens in plants. Excess Na causes plants to divert the water in their 

system (osmotic) which can result in plant wilting, stunted growth and arrest cell development 

(Doyle and Glass, 2010). 

Potassium is a nervous system regulator in the human system which helps to balance fluid flow, 

muscle contraction and nerve signal (He and McGregor, 2008). In plants, it plays a role of 

regulating plant growth, leaf quality, shelf life and prevent the plant from being susceptible to 

diseases, and an increasing the dose of K and reducing the Na concentration as the nutrient sources 

increased growth and yield of lettuce (Ucar et al., 2007). 

Phosphorous analyzed from VCT and lettuce plants were within the required amount for human 

consumption. Limiting or excess amount of phosphorous can cause health damage to humans such 

as kidney damage (Tucker et al., 2014). P is an essential nutrient to plants, because of the role it 

plays in both plants structure development and plants biochemical reactions. But P deficiency in 

plants is difficult to identify but plants can show a discolouration which was one of the signs 

observed in the treatments dosed with the VCT. 

Boron was also another nutrient which was observed and was within the permissible limits.  Boron 

is an element which is need by plants in small amounts, but it is among the most abundant elements 

on the earth’s crust. It promotes high plant growth and yield in higher-plants, provides beneficial 

ions but the benefits are seen depending on the concentration of ions such as NO-
3, NH4

+ or K+ 

(Kronzucker et al., 2013). The ability of vegetables to absorb the elements in green leaves is related 

to plant type, plant variety, environmental conditions, and metal ionization, mobility, and transfer 

from roots to leaves (Ghasemidehkordi et al., 2017). Simsek et al. (2003) reported that levels of B 

in vegetables are related to concentrations of borate and borate compounds in soil that are taken 
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up by plants from soil and water-insoluble forms (Simsek et al., 2003; Aweng et al., 2011). In 

human health, boron might be involved: osteoarthritis, bone health, and cancer. 

4.4.2 Metal concentration in CVT and lettuce 

The following metals were analyzed in both VCT and the vegetables during the experiment: 

cadmium, chromium, lead, zinc, copper, iron, nickel, and manganese (table 6). Cadmium was 

recorded only from plants that were dosed with TH30% of the VCT, it was neither recorded from 

the VCT nor the plants dosed with different concentrations. Both VCT and plants did not detect 

the presence of chromium in their systems. VCT and lettuce plants dosed with TH60% did not 

detect the presence of lead, but it was detected in the TH30% and TH40% whereby the TH40% 

recorded a higher volume of lead. Zinc was low in the VCT solution, but the concentration was 

high in the treatments. The concentration decreased with the increase in the volume of the VCT 

dilutions. The highest was recorded from TH30% and the lowest concentration was from TH60%. 

Iron was detected from both the VCT and vegetables, with the highest volume recorded from the 

TH40%, followed by the TH60% and then the TH30%; but VCT had a lower iron concentration 

as compared to the treatments. There was no difference in the level of copper in vegetables dosed 

with TH30% and Th40% of the VCT, but the TH60% and VCT were different and TH60% was 

higher than the Cu concentration from the VCT. Nickel was not detected from TH40%, while 

TH60% and VCT were not that different from each other; nickel was recorded the highest from 

the vegetables dosed with TH30%. Manganese was low in the VCT, but the concentration 

increased in the treatments. TH40% recorded a high Mn concentration as compared to TH30% and 

TH60%, but TH60% had a lower Mn concentration than in TH30%. 
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Table 6: Metal analysis for VCT and lettuce plants grown under various dilutions of water 

hyacinth-based vermicompost tea (TH30% while TH40% and TH60%). 

Parameters Method Acceptable 

limit 

(WHO/FAO) 

VCT TH30% TH40% TH60% 

Cadmium AOAC Official 

Method 

985.35-AAS Method 

0.2 N.D 0.05 N.D N.D 

Chromium AOAC Official 

Method 985.35-AAS 

Method 

2.3 N.D N.D N.D N.D 

Lead AOAC Official 

Method 985.35-AAS 

Method 

0.3 N.D 1.10 5.30 N.D 

Zinc AOAC Official 

Method 985.35-AAS 

Method 

99.4 3.60 41.50 39.70 36.80 

Iron AOAC Official 

Method 985.35-AAS 

Method 

425.5 1.7 533.25 982.60 565.98 

Copper AOAC Official 

Method 985.35-AAS 

Method 

73.3 3.90 51.20 51.60 47.25 

Nickel 

 

AOAC Official 

Method 985.35-AAS 

Method 

67.9 3.40 6.55 N.D 3.10 

Manganese AOAC Official 

Method 985.35-AAS 

Method 

500 4.30 50.75 69.80 41.25 

Note: N.D means not detected, the results are in mg/kg and the parameters are categorized 

Cadmium, Chromium, Lead, Zinc, Iron, Copper, Nickel and Manganese 

The selected metals analyzed from VCT and lettuce were within the acceptable limit, except for 

iron and lead which were above the acceptable standard for human consumption. Metals are a 

naturally occurring element in the earth’s crust with a relatively high density compared to water. 
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Naturally occurring elements that are found throughout the earth’s crust, can be released through 

weathering, soil erosion, volcanic eruptions and other. Despite being naturally occurring there has 

been an increasing ecological and global public health concern associated with environmental 

contamination and human exposure to these metals due to anthropogenic activities 

(Ghasemidehkordi et al., 2017). The anthropogenic human activities such as mining and smelting 

operations, industrial production and use, and domestic and agricultural use of metals (Deverel 

and Delta, 2017). 

In this experiment, the vegetables and VCT were analyzed during this experiment to determine the 

quality and safety of the vermicompost and vegetables for human use and consumption. The results 

had some of the metals detected and other metals were not detected. Some of the metals which 

were analyzed include; cadmium, chromium, lead, zinc, copper, manganese, iron and nickel (table 

5). Cr was not detected in any of the samples but the rest of the metals were detected. Cd, Zn, Cu, 

Ni and Mn were within the acceptable levels of the FAO/WHO, while Pd and Fe were above the 

permissible limits (Mensah et al., 2009; WHO/FAO, 2011). 

This can be as a result of the pH and other dissolved constituents of the system which controls the 

solubility, mobility, and bioavailability of the elements, which affects their translocation in plants 

(Cataldo et al., 1978; Burt et al., 2011). When pH is greater than 6.5 to 8, the elements are available 

in the system and in a form, which can be taken up by the plants. During the experiment the water 

pH was with the ranges above, agreeing that the lead and zinc would be available for plants uptake 

Cataldo et al., (1978), the availability of the element to the plant is associated with the solubility 

of the element to be taken up by plants in high volumes. The rate at which the elements are released 

and the form of soluble species would affect the rate and extent of uptake, perhaps the mobility 

can have a strong influence on the rate and extent of uptake. This could be a reason why the 

elements like lead and zinc were available or abundant in some of the treatments and not in others. 

The high concentration of trace elements can pose a threat to agricultural production, animal and 

human health, by accumulating in their system make it not safe for consumption (Laing et al., 

2008). 

Feleafel and Mirdad, (2012), lead is generally high in leaf vegetables; this is in line with the results 

in the experiment. High lead concentration is toxic to humans and can cause damage to the nervous 
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system and can decrease the development of roots, stems and leaves in plants. This is due to the 

decreased number of cells which cause a reduction in chlorophyll synthesis, induced water stress 

to plants, decrease nitrate uptake and another nutrient uptake. Lead can be minimized from the 

production systems, accumulation in human bodies or the plant systems by phytoremediation, 

following good agricultural production practices, increasing the absorptive capacity of the water 

or soils by use of organic matter or humic acid, growing vegetables and cultivars with low 

accumulative potential and washing leafy vegetables with 1% vinegar or by peeling roots, tubers, 

fruit vegetables before consumption (Feleafel and Mirdad, 2012). 
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Chapter Five: Conclusion and recommendation 

Hydroponics and aquaponics system are considered conservative agricultural production units, 

which do not require a lot of inputs and are environmentally friendly. These systems do not use 

soil, but rather recirculating water which is dosed with nutrients from either organic or synthetic 

solutions to mimic the natural environment and to supplement on limiting nutrients for systems 

like aquaponics. Synthetic nutrient solutions are commonly used in as compared to organic 

fertilizers but they are expensive and can contain the excess nutrient, that is why organic fertilizers 

are being developed to determine which one can produce high yield, be human friendly and replace 

synthetic fertilizers. 

WHBVCT extract is a nutrient-rich solution which can be applied to plants in a hydroponics 

system and help inhibit aphid and fungus attack. The nutrient does not negatively affect the water 

quality of the system, be it pH, ammonia, nitrate, phosphate and total phosphorous. Effluent water 

from systems that use WHBVCT can be released into the environment and still cause no impact 

to the water bodies. Lettuce plants dosed with WHBVCT did not perform well as compared to the 

plants dosed with organic fertilizers. It had the least leaf area, shoot length, moisture content, 

biomass and a high root-shoot ratio. About these results WHBVCT, cannot be hand irrigated to 

lettuce as a nutrient source. Despite the low performance in the lettuce, both the WHBVCT and 

the vegetables selected nutrient quality was within the acceptable limits including nitrate. The 

selected metals were also within the acceptable ranges except for the plants dosed with 30% and 

40% that were above the acceptable limit for lead, and all the treatments reported a high iron 

concentration. 

• An application level of not less than 60% when using WHBVCT as a nutrient solution in 

non-circulating hydroponics is recommended because the higher the concentration the 

lower the risk on metal accumulation.  

• Further, studies have to be done whereby WHBVCT can be used for pest and disease 

control through foliar application for both leaf and fruiting vegetables.  

• WBH vermicompost extract should be tried on fruiting vegetables as a nutrient solution 

because leafy vegetables turn to conserve nutrients and there could be a possibility that the 

fruiting plants can do better than it was with the case of lettuce. Levels of WHBVCT can 

be employed to see which one gives out the best yield.  
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• It is recommended that the WHBVCT has to be tried in a circulating hydroponic and 

aquaponic systems to identify a recommendable level of application in lettuce production.  

• A study has to be conducted to observe the impact of using WHBVCT in combination with 

other synthetic fertilizers at different levels to reduce the level of inorganic use in 

hydroponics, and to see which one is economic, productive in terms of yield and can 

suppress pests and diseases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

 

References 

Abdel-sabour, M. F., 2014. Water Hyacinth: Available and Renewable Resource. Electronic 

Journal of Environmental, Agricultural and Food Chemistry, Issue 1579-4377: 1746-1759. 

Abou-Hadid, A.F.; Abd-Elmoniem, E.M.; El-Shinawy, M.Z.; Abou-Elsoud, M.,1996. Electrical 

conductivity effect on growth and mineral composition of lettuce plants in hydroponic 

system. Acta Hortic., 434: 59—66. 

Aderibigbe, O., 2006. Length-Weight Relationship and Condition Factor of Pond Reared Juvenile 

Oreochromis niloticus. World J. Zool. 1, 82—86. 

Adhikary, S., 2012. Vermicompost, the story of organic gold: A review. Agricultural Sciences, 

3(7): 905-917. 

Aires, A., 2018. Hydroponic Production Systems: Impact on Nutritional Status and Bioactive 

Compounds of Fresh Vegetables. Vegetables: Importance of Quality Vegetables to Human 

Health..55-66. https://doi.org/10.5772/intechopen.73011. 

Alam, A., Al-Hafedh, Y. S. & Beltagi, M. S., 2008. Food Production and Water Conservation in 

a Recirculating Aquaponic System in Saudi Arabia at Different Ratios of Fish Feed to 

Plants. Journal of The World Aquaculture Society, 39(4): Pages????. 

Álvarez Bernal, D. Et Al., 2016. Vermicompost As An Alternative of Management for Water 

Hyacinth. Rev. Int. Contam. Ambie, 32(4): 425-433. 

Anani, F.., Nunoo, F.K.., 2016. Length-weight relationship and condition factor of Nile tilapia , 

Oreochromis niloticus fed farm-made and commercial tilapia diet. Int. J. Fish. Aquat. Stud. 

4, 647—650. 

Anjana, S.U. and Iqbal, M. (2007). Nitrate accumulation in plants, factors affecting the process 

and human health implications: a review. Agron. Sustain. Dev. 27(1):45—57.  

APHA (American Public Health Association) 1999. Standard Methods for the Examination of 

Water and Wastewater. s.l.:, American Water Works Association, Water Environment 

Federation. 



52 

 

 

Arancon, N.Q., Galvis, P.A., Edwards, C.A., 2005. Suppression of inset pest populations and 

damage to plants by vermicomposts Bioresour. Technol. 96, 1137—1142. 

https://doi.org/10.1016/j.biortech.2004.10.004 

Arancon, N.Q., Owens, J.D., Converse, C., 2018. Testing vermicompost in hydroponic systems. 

Biocycle 59, 58—62. 

Asfaw Alemayehu, K., 2011. Effect of Feed Quality On Growth Performance and Water Quality 

In Cage Culture System For Production of Nile Tilapia [Oreochromis niloticus, (Linnaeus, 

1758)] In Lake Hora-Arsedi, Ethiopia,: Addis Ababa University, . 

Bahiru, Daghe. B., Teju, Endate., 2019. Levels of some selected metals Fe , Cu and Zn ) in selected 

vegetables and soil around eastern industry zone , central Ethiopia. African J. Agric. Res. 

14, 78—91. https://doi.org/10.5897/AJAR2018.13615 

Bartelme, R., McLellan, S. & Newton, R., 2017. Freshwater recirculating aquaculture system 

operations drive biofilter bacterial community shifts around a stable nitrifying consortium 

of ammonia-oxidizing archaea and comammox Nitrospira. Front. Microbiol,: 8.No 

pages?? 

Bashir, F.A., Shuhaimi-Othman, M. and Mazlan, A.G., 2012. Evaluation of trace metal levels in 

tissues of two commercial fish species in Kapar and Mersing coastal waters, Peninsular 

Malaysia. Journal of Environmental and Public Health, 2012Pages???. 

https://doi.org/10.1155/2012/352309 

Bethe, L. A., Salam, M., Fatema, U. K. & Rana, K. S., 2017. Effects of molasses and compost tea 

as foliar spray onwater spinach (Ipomoea aquatica) in aquaponics system. International 

Journal of Fisheries and Aquatic Studies, 5(3), pp. 203-207. 

Bittsánszky, A., Uzinger, N., Gyulai, G., Mathis, A., Junge, R., Villarroel, M., Kotzen, B., 

Kőmíves, T., 2016. Nutrient supply of plants in aquaponic systems. Ecocycles 2, 17—20. 

https://doi.org/10.19040/ecocycles.v2i2.57 

Bláha, L, 2019. Importance Of Root-Shoot Ratio For Crops Production. Journal of Agronomy & 

Agricultural Science. 2:012. 

https://doi.org/10.1155/2012/352309


53 

 

 

Boamponsem, G.A., Kumi, M. and Debrah, I., 2012. Heavy metals accumulation in cabbage, 

lettuce and carrot irrigated with wastewater from Nagodi mining site in Ghana. Int J Sci 

Technol Res, 1(11):124-129. 

Bolger, T. and P.L. Connolly, 1989. The suitable of suitable indices for the measurement analysis 

of fish condition. J. Fish Biol., 34(2): 171-182. 

Brechner, M., Both, A.J. and Staff, C.E.A., 1996. Hydroponic lettuce handbook. Cornell 

Controlled Environment Agriculture, pp.504-509. 

Burt, A.J., Grainger, C.M., Shelp, B.J. and Lee, E.A., 2011. Heterosis for carotenoid concentration 

and profile in maize hybrids. Genome, 54(12): 993-1004. 

Canellas, L. P., Olivers, F. L., Okorokova, A. L. & Facanha, R. A., 2002. Humic acid isolated from 

earthworm compost enhance root elongation, lateral root emergence and plasma membrane 

H+-ATPase activity in maize roots. J. Plant Physiol., 130(4), 1951-1957. 

Cataldo, D.A. and Wildung, R.E., 1978. Soil and plant factors influencing the accumulation of 

heavy metals by plants. Environmental Health Perspectives, 27: 149-159. 

Chanu, T.I., Sharma, A., Ande, M.P., Prasad, J.K. and Patnaik, R.R.S., 2017. Vermicompost 

Production Technology for Organic Aquaculture. Aquaculture Times. 24-28. 

Chapman, H.D. and Pratt, P.F. (1961a) Methods of analysis for soils, plants and waters. University 

of California, Los Angeles, 60-61. 

Chapman, H.D. and Pratt, P.F. (1961b) Methods of analysis for soils, plants and waters. University 

of California, Los Angeles, 150-179. 

Chapungu, L., Mudyazhezha, O.C. and Mudzengi, B.k, 2018. Socio-ecological Impacts of Water 

Hyacinth (Eichhornia Crassipes) Under Dry Climatic Conditions: The Case of Shagashe 

River in Masvingo, Zimbabwe. Journal of Environmental Science and Public 

Health, 2(1):36-52. https://doi.org/10.26502/jesph.027 

Chidiac, J., 2017. Shallow aggregate ebb-and-flow system for greenhouse lettuce production. 

Theses and Dissertations.2514.http://scholarworks.uark.edu/etd/2514 

https://doi.org/10.26502/jesph.027


54 

 

 

Churilova, E. V., Midmore, D.J., 2019. Vermiliquer (Vermicompost leachate) as a complete liquid 

fertilizer for hydroponically-grown pak choi (Brassica chinensis L.) in the tropics. 

Horticulturae 5, 26—48. https://doi.org/10.3390/horticulturae5010026 

Cometti, N.N., Martins, M.Q., Bremenkamp, C.A., Nunes, J.A., 2011. Nitrate concentration in 

lettuce leaves depending on photosynthetic photon flux and nitrate concentration in the 

nutrient solution. Hortic. Bras. 29, 548—553. 

Copetta, A., Bardi, L., Bertolone, E. and Berta, G., 2011. Fruit production and quality of tomato 

plants (Solanum lycopersicum L.) are affected by green compost and arbuscular 

mycorrhizal fungi. Plant biosystems, 145(1):106-115. 

Dagne, B.B., Endale, T., Tesfahun, K., Negash, D., 2019. Levels of some toxic heavy metals (Cr, 

Cd and Pb) in selected vegetables and soil around eastern industry zone, central Ethiopia. 

African J. Agric. Res. 14, 92—101. https://doi.org/10.5897/ajar2018.13324 

Daims, H., Lebedeva, E.V., Pjevac, P., Han, P., Herbold, C., Albertsen, M., Jehmlich, N., 

Palatinszky, M., Vierheilig, J., Bulaev, A. and Kirkegaard, R.H., 2015. Complete 

nitrification by Nitrospira bacteria. Nature, 528(7583):504-509. 

Da Silva, J. O., P. A. de Souza, J. Gomes J_unior, P. R. G. Pereira, and F. A. Rocha. 2005. Growth 

and mineral composition of lettuce on capillary hydroponic system. Irriga 10: 146—154. 

Date, S., Terabayashi, S., Kobayashi, Y. and Fujime, Y., 2005. Effects of chloramines 

concentration in nutrient solution and exposure time on plant growth in hydroponically 

cultured lettuce. Scientia horticulturae, 103(3), pp.257-265. 

Gezahegn Degefe, Seyoum Mengistu and Jorge Dominguez, 2012. Vermicomposting as a 

Sustainable Practice to Manage Coffee Husk, Enset waste (Enset ventricosum ), Khat waste 

(Catha edulis) and Vegetable waste amended with Cow Dung using an epigeic earthworm 

Eisenia Andrei ( Bouch  1972 ). Int. J. PharmTech Res. 4, 15—24. 

Deverel, S., Delta, S.J., 2017. Chemistry of Trace Elements in Soils and Ground water, In: 

Chemistry Of Trace Elements In Soils And Groundwater. pp. 89—137. 

https://doi.org/10.1061/9780784411698.ch04 

https://doi.org/10.3390/horticulturae5010026


55 

 

 

Diffen, 2019. Chemical Fertilizer vs. Organic Fertilizer. Diffen.Available at: 

https://www.diffen.com/difference/Chemical_Fertilizer_vs_Organic_Fertilizer. (retrived 

23 October,2019) 

Ding, X., Jiang, Y., Zhao, H., Guo, D., He, L., Liu, F., 2018. Electrical conductivity of nutrient 

solution influenced photosynthesis, quality, and antioxidant enzyme activity of pakchoi 

(Brassica campestris L . ssp . Chinensis ) in a hydroponic system. PLoS One 1—15. 

Diver, S., 2011. Notes on Compost Teas. National Sustainable Agriculture Information Service; 

ATTRA publication.. 19. 

Dioselina Álvarez, B., Lastiri Hernandez, A.M., Buelna Osben, R.H., Contreras Mora, M.S., 

Ramos, M., 2016. Vermicompost As An Alternative of Management For Water Hyacinth. 

rev. Int. Contam. Ambie 32, 425—433. https://doi.org/10.20937/RICA.2016.32.04.06 

Dodds, W.K. and Smith, V.H., 2016. Nitrogen, phosphorus, and eutrophication in streams. Inland 

Waters, 6(2), pp.155-164. 

Domingues, D.S., Takahashi, H.W., Camara, C.A.P. and Nixdorf, S.L. 2012. Automated system 

developed to control pH and concentration of nutrient solution evaluated in hydroponic 

lettuce production. Computers and Electronics in Agriculture 84: 53-61. 

Dominguez, J., 2012. Earthworms and Vermicomposting, in: IntechOpen. p. 13. 

https://doi.org/10.1016/j.colsurfa.2011.12.014 

Doyle, M.E., Glass, K.A., 2010. Reduction and Its Effect on Food Safety, Food Quality, and 

Human Health. Compr. Rev. Food Sci. Food Saf. 9, 44—56. 

Eck, M., Sare, A.R., Massart, S., Schmautz, Z., Junge, R., Smits, T.H. and Jijakli, M.H., 2019. 

Exploring bacterial communities in aquaponic systems. Water, 11(2): 260-276 

Edwards, C.A., Arancon, N.Q. and Greytak, S., 2006. Effects of vermicompost teas on plant 

growth and disease. Biocycle, 47(5):28. 

Edwards, C.A., Arancon, N.Q., Emerson, E. and Pulliam, R., 2007. Suppressing plant parasitic 

nematodes and arthropod pests with vermicompost teas. Biocycle, 48(12): 38-39. 

https://www.diffen.com/difference/Chemical_Fertilizer_vs_Organic_Fertilizer
https://doi.org/10.20937/RICA.2016.32.04.06
https://doi.org/10.1016/j.colsurfa.2011.12.014


56 

 

 

El-shinawy, M.Z., Gawish, S.M., 2006. Effect of Commercial Organic Nutrient Solutions on 

Growth and Chemical Composition of Lettuce under Agricultural Soilless System. Egypt.J. 

Hort 33, 19—28. 

Ersahin, Y., 2014. The Use of Vermicompost Products to Control Plant Diseases and Pests The 

Use of Vermicompost Products to Control Plant Diseases and Pests: 191—213. 

https://doi.org/10.1007/978-3-642-14636-7 

Fawole, W.O., Ilbasmis, E., Ozkan, B., 2015. Food Insecurity in Africa in Terms of Causes , 

Effects and Solutions: A Case Study of Nigeria, in: 2nd International Conference on 

Sustainable Agriculture and Environment: 1—9. 

FAO, 2016. Coping with water scarcity in agriculture a global framework for action in a changing 

climate, s.l.: Food and Agriculture Organization of the United Nations. 

FAO, IFAD, UNICEF, WFP and WHO. 2017. The State of Food Security and Nutrition in the 

World 2017. Building resilience for peace and food security. Rome, FAO. Retrieved 

from http://www.fao.org/3/a-I7695e.pdf.  Accessed 29 August, 2020. 

Feleafel, M.N., Mirdad, Z.M., 2012. Hazard and Effects of Pollution by Lead on Vegetable Crops. 

J Agric Env. Ethics. https://doi.org/10.1007/s10806-012-9403-1 

Ferrarezi, .R.S., Testezlaf, .R., 2016. Performance of wick irrigation system using self-

compensating troughs with substrates for lettuce production. Journal of Plant Nutrition, 

39:1, 150-164, DOI: 10.1080/01904167.2014.983127 

Food and Agriculture Organizations, 2016. Coping with water scarcity An action framework for 

agriculture and food security 8, FAO Publication. 

Fox, B.K., Tamaru, C.S., Radovich, T., Klinger-bowen, R., Mcgovern-hopkins, K., 2012. 

Beneficial Use of Vermicompost in Aquaponic Vegetable Production, HānaiAi / The Food 

Provider. 

Fritz, J.I., Franke-Whittle, I.H., Haindl, S., Insam, H., Braun, R., 2012. Microbiological 

community analysis of vermicompost tea and its influence on the growth of vegetables and 

cereals. Can. J. Microbiol. 58, 836—847. https://doi.org/10.1139/W2012-061 

http://www.fao.org/3/a-I7695e.pdf


57 

 

 

Gao, L., Zhou, W., Huang, J., He, S., Yan, Y., Zhu, W., Wu, S. and Zhang, X., 2017. Nitrogen 

removal by the enhanced floating treatment wetlands from the secondary 

effluent. Bioresource technology, 234: 243-252. 

Bayush Getachew, Haftom Kiros and Endalk Habtu, 2018. Review on Aquaponics System for Fish 

Farming. World J. Fish Mar. Sci. 10: 59-68. https://doi.rg/10.5829/idosi.wjfms.2018.68. 

Gezahegn Degefe, Seyoum Mengistu & Dominguez, J., 2012. Vermicomposting as a Sustainable 

Practice to Manage Coffee Husk, Enset waste(Enset ventricosum), Khat waste (Catha 

edulis) and Vegetable waste amended with Cow Dung using an epigeic earthworm Eisenia 

Andrei (Bouch 1972). International Journal of PharmTech Research, 4(1): 15-24. 

Ghasemidehkordi, B., Malekirad, A.A., Salavati, H., 2017. Arsenic and Boron Levels in Irrigation 

Water, Soil and Green Leafy Vegetables. Int. J. Veg. Sci. 1—7. 

https://doi.org/10.1080/19315260.2017.1356896 

Goddek, S., Delaide, B., Mankasingh, U., Ragnarsdottir, K.V., Jijakli, H. and Thorarinsdottir, R., 

2015. Challenges of sustainable and commercial aquaponics. Sustainability, 7(4): 4199-

4224.  

Goddek, S., Schmautz, Z., Scott, B., Delaide, B., Keesman, K.J., Wuertz, S. and Junge, R., 2016. 

The effect of anaerobic and aerobic fish sludge supernatant on hydroponic 

lettuce. Agronomy, 6(2):37.  

Goel, P. K., Khatavkar, S. D. & Kulkarini, A. Y., 1989. Chemical Composition and Concentration 

Factors of Water Hyacinth Growing in Shallow Polluted Pond. International Journal of 

Ecology and Environmental Sciences,, Volume 15: 141-144. 

Gorbe, E., Roca, D., Mart, P.F., 2008. Effect of two nutrient solution temperatures on nitrate 

uptake, nitrate reductase activity, NH 4 + concentration and chlorophyll a fluorescence in 

rose plants. Environ. Exp. Bot. 64, 65—74. 

https://doi.org/10.1016/j.envexpbot.2008.02.003 

Goswami, L., Patel, A.K. uma., Dutta, G., Bhattacharyya, P., Gogoi, N., Bhattacharya, S.S. unda., 

2013. Hazard remediation and recycling of tea industry and paper mill bottom ash through 



58 

 

 

vermiconversion. Chemosphere 92, 708—713. 

https://doi.org/10.1016/j.chemosphere.2013.04.066 

Graber, A. & Junge, R., 2009. Aquaponic systems: nutrient recycling from fish wastewater by 

vegetable production. Desalination, Volume 246: 147—156. 

Gravel, V., Dorais, M., Dey, D. & Vandenberg, G., 2015. Fish effluents promote root growth and 

suppress fungal diseases in tomato transplants. Can. J. Plant Sci., Volume 95, p. 427—

436. 

Gupta, N., Kumar, K., Kumar, V., Kumar, S., Chadd, R.P., Kumar, A., 2019. Trace elements in 

soil-vegetables interface : Translocation, bioaccumulation, toxicity and amelioration - A 

review. Sci. Total Environ. 651, 2927—2942. 

https://doi.org/10.1016/j.scitotenv.2018.10.047 

Haifa-group, 2019. Nutritional Recommendetions for tomatoes in open-field, tunnels and 

greenhouse. [Online]  

Available at: https://www.haifa-group.com/files/Guides/tomato/Tomato.pdf 

Hait S. and Tare, V. (2012). Transformation and availability of nutrients and heavy metals during 

integrated composting-vermicomposting of sewage sludges. Ecotoxicol Environ Saf 

79(1):214—224. doi:10.1016/j.ecoenv.2012.01.004 

Herrero, E.V., Mitchell, J.P., Lanini, W.T., Temple, S.R., Miyao, E.M., Morse, R.D. and 

Campiglia, E., 2001. Use of cover crop mulches in a no-till furrow-irrigated processing 

tomato production system. HortTechnology, 11(1): 43-48.  

Hu, B. I., Shen, L., Xu, X. & Zheng, P., 2011. Anaerobic ammonium oxidation (anammox) in 

different natural ecosystems. Biochem. Soc. Trans., 39(6): 1811—1816. 

Ikeda, H., Koohakan, P. and Jaenaksorn, T. 2002. Problems and counter measures in the use of the 

nutrient solution in soilless production. Acta Horticulturae 578: 213-219. 

Itoi, S., Ebihara, N., Washio, S. & Sugita, H., 2007. Nitrite-oxidizing bacteria, Nitrospira, 

distribution in the outer layer of the biofilm from filter materials of a recirculating water 

system for the goldfish Carassius auratus. Aquaculture, 264(0044-8486): 297—308. 



59 

 

 

Joint, F.A.O., 2011, March. WHO food standards programme codex committee on contaminants 

in foods. In Fifth Session [displayed 10 February 2014]. Available at ftp://ftp. fao. 

org/codex/meetings/CCCF/cccf5/cf05_INF. pdf. 

Jones Jr, J.B., 2014. Complete guide for growing plants hydroponically. CRC Press. 

Joosten, F., Y. Dijkxhoorn, Y. Sertse and R. Ruben, 2015. How does the Fruit and Vegetable 

Sector contribute to Food and Nutrition Security? Wageningen, LEI Wageningen UR 

(University & Research centre), LEI Nota 2015-076. 58 pp.; 4 fig.; 7 tab.; 52 ref. 

Joshi, R., Singh, J., Vig, A.P., 2014. Vermicompost as an effective organic fertilizer and biocontrol 

agent: effect on growth, yield and quality of plants. Rev Env. Sci Biotechnol 1—22. 

https://doi.org/10.1007/s11157-014-9347-1 

Jorquera, M., MARTíNEZ, O.S.C.A.R., Maruyama, F., Marschner, P. and de la Luz Mora, M., 

2008. Current and future biotechnological applications of bacterial phytases and phytase-

producing bacteria. Microbes and environments, 23(3): 182-191.  

Jovicich, E., Cantliffe, D.J. and Stoffella, P.J. 2003. Spanish pepper trellis system and high plant 

density can increase fruit yield, fruit quality and reduce labour in a hydroponic, passive-

ventilated greenhouse. Acta Horticulturae 614: 255-262. 

Joyce, A., Goddek, S., Kotzen, B. & Wuertz, S., 2019. Aquaponics: Closing the Cycle on Limited 

Water, Land and NUtrients. In: Aquaponics Food Production Systems: Combined 

Aquaculture and Hydroponic Production Technologies for the Future. Switzerland: 

Springer: 19-34. 

Jung, M., Moon, Y., Tou, J.C., Mou, B., Waterland, N.L., 2016. Journal of Food Composition and 

Analysis Nutritional value , bioactive compounds and health benefits of lettuce ( Lactuca 

sativa L.). J. Food Compos. Anal. 49, 19—34. https://doi.org/10.1016/j.jfca.2016.03.004 

Kaur, p., Bhardwaj, M. & Babbar, I., 2015. Effect of Vermicompost and Vermiwash on Growth 

of Vegetables. Research Journal of Animal, Veterinary and Fishery Sciences, 3(4): 9-12. 

Kim, H.-J., Cho, Y.-S., Oh-Keun, K., Cho, M.-W., Hwanf, J.-B., Jeon, W.-T., Bae, S.-D., 2005. 

17-22.pdf. Asian J. Plant Sci. 4, 12—22. 

https://doi.org/10.1016/j.jfca.2016.03.004


60 

 

 

Kim, M.J., Moon, Y., Tou, J.C., Mou, B., Waterland, N.L., 2016. Nutritional value, bioactive 

compounds and health benefits of lettuce (Lactuca sativa L.). J. Food Compos. Anal. 49, 

19—34. https://doi.org/10.1016/j.jfca.2016.03.004 

Kjelland, M.E., Woodley, C.M., Swannack, T.M., Smith, D.L., 2015. A review of the potential 

effects of suspended sediment on fishes: potential dredging-related physiological, 

behavioral, and transgenerational implications. Environment Systems and Decisions 35 (3), 

334-350. 

Knight, S., Hauxwell, J., Haber, E.A., 2014. Distribution and Abundance of Aquatic Plants — 

Human Impacts ☆, Reference Module in Earth Systems and Environmental Sciences. 

Elsevier Inc. https://doi.org/10.1016/B978-0-12-409548-9.09102-8 

Kratky, B.A., G.T. Maehira, R.J. Cupples and C.C. Bernabe. 2005. Non-circulating hydroponic 

methods for growing tomatoes. Proc. National Agricultural Plastics Congress 32:31-36 

Kronzucker, H.J., Coskun, D., Schulze, L.M., Wong, J.. ., Britton, D.. ., 2013. Sodium as nutrient 

and toxicant. Plant Soil 369, 1—23. https://doi.org/10.1007/s11104-013-1801-2 

Kummu, M., Guillaume, J.H.A., De Moel, H., Eisner, S., Flörke, M., Porkka, M., Siebert, S., 

Veldkamp, T.I.E., Ward, P.J., 2016. The worlds road to water scarcity: Shortage and stress 

in the 20th century and pathways towards sustainability. Sci. Rep. 6, 1—16. 

https://doi.org/10.1038/srep38495 

Laing, G. Du, Moortel, A. Van de, Lesage, E., Tack, F.M.G., Verloo, M.G., 2008. Factors 

Affecting Metal Accumulation, Mobility and Availability in Intertidal Wetlands of the 

Scheldt Estuary (Belgium), in: Wastewater Treatment, Plant Dynamics and Management 

in Constructed and Natural Wetlands. pp121—133. 

Lastra, O., Tapia, M.L., Razeto, B., Rojas, M., 2009. Response of Hydroponic Lettuce Cultivars 

To Different Treatments of Nitrogen: Growth and Foliar Nitrate Content. Idesia (Arica) 

27, 83—89. https://doi.org/10.4067/s0718-34292009000100010 

Lennard, W., Goddek, S., 2019. Aquaponics Food Production Systems, in: Aquaponics Food 

Production Systems. pp. 113—143. https://doi.org/10.1007/978-3-030-15943-6 

https://doi.org/10.1038/srep38495


61 

 

 

Leudtke, B., 2010. Use of Compost Tea as a Nutrient Amendment for Plant Growth in a Re-

Circulating Hydroponics System, s.l.: University of Wisconsin-Stenens Point. 

https://www.wisconsin.edu/wasteresearch/download/2010_student_reports/10%20STP%

20Luedke%20compost%20tea(2pdf. (retrived 12 november, 2020) 

Licamele, J.D., 2009. Biomass production and nutrient dynamics in an aquaponics system.  

Li, Q., Li, X., Tang, B. and Gu, M., 2018. Growth responses and root characteristics of lettuce 

grown in aeroponics, hydroponics, and substrate culture. Horticulturae, 4(4): 35.  

Liu J, Lu Z, Yang J, Xing M, Yu F, Guo M, 2012. Effect of earthworms on the performance and 

microbial communities of excess sludge treatment process in vermifilter. Bioresour. 

Technol., 117: 214—221. 

Lobillo-Eguíbar, J., Fernández-Cabanás, V.M., Luis Alberto Bermejo, L.A., Pérez-Urrestarazu, 

L., 2020. Economic Sustainability of Small-Scale Aquaponic Systems for Food Self-

Production. Agronomy 10, 1—19. 

Lolium, R., 2016. Evaluation of the effect of two types of fertilizer on the growth, development 

and productivity of Hydroponic Green Forage Oat (Avena sativa L.) and Evaluation of the 

Effect of Two Types of Fertilizer on the Growth, Development and Productivity of Hyd. 

Chem. Eng. Trans. 50, 385—390. https://doi.org/10.3303/CET1650065 

Love, D.C., Fry, J.P., Li, X., Hill, E.S., Genello, L., Semmens, K. and Thompson, R.E., 2015. 

Commercial aquaponics production and profitability: Findings from an international 

survey. Aquaculture, 435, 67—74.435.  

Mageau, M., Radtke, B., Fazendin, J. & Ledin, T., 2015. The Aquaponics Solution. Solution, 6(3): 

49-57. 

Manzocco, L., Foschia, M., Tomasi, N., Maifreni, M., Costa, L.D., Marino, M., Cortella,G. and 

Cesco, S. 2011. Influence of hydroponic and soil cultivation on quality and shelf life of 

ready-to-eat lambs lettuce (Valerianella locusta L. Laterr). Journal of the Science Food 

and Agriculture 91(8): 1373-1380. 

https://www.wisconsin.edu/wasteresearch/download/2010_student_reports/10%20STP%20Luedke%20compost%20tea(2pdf
https://www.wisconsin.edu/wasteresearch/download/2010_student_reports/10%20STP%20Luedke%20compost%20tea(2pdf
https://europepmc.org/search?query=AUTH:%22Jing%20Liu%22
https://europepmc.org/search?query=AUTH:%22Zhibo%20Lu%22
https://europepmc.org/search?query=AUTH:%22Jian%20Yang%22
https://europepmc.org/search?query=AUTH:%22Meiyan%20Xing%22
https://europepmc.org/search?query=AUTH:%22Fen%20Yu%22
https://europepmc.org/authors/0000-0002-1497-7053


62 

 

 

Mashavira, M., Chitata, T., Mhindu, R.L., Muzemu, S., Kapenzi, A. and Manjeru, P., 2015. The 

effect of water hyacinth (Eichhornia crassipes) compost on tomato (Lycopersicon 

esculentum) growth attributes, yield potential and heavy metal levels. American Journal of 

Plant Sciences, 6(04):545-553. 

McIlroy, S. J., & Nielsen, P. H., 2014. The Family Saprospiraceae. Prokaryotes, 863—889. 

http://doi.org/10.1007/978-3-642-38954-2_138  

Melese Worku, 2018. Impact of Water Hyacinth, Eichhornia crassipes (Martius) (Pontederiaceae) 

in Lake Tana Ethiopia: A Review. Journal of Aquaculture Research and 

Development,9(1), p. 3. 

Mendoza-Castillo, V.M., Pineda-Pineda, J., Vargas-Canales, J.M., Hernández-Arguello, E., 2019. 

Nutrition of fig (Ficus carica L.) under hydroponics and greenhouse conditions. J. Plant 

Nutr. 42, 1350—1365. https://doi.org/10.1080/01904167.2019.1609510 

Mommsen, T.P., 1998. Growth and metabolism. The physiology of fishes. 65-97. 

Monsees, H., Keitel, J., Paul, M., Kloas, W. and Wuertz, S., 2017. Potential of aquacultural sludge 

treatment for aquaponics: evaluation of nutrient mobilization under aerobic and anaerobic 

conditions. Aquaculture Environment Interactions, 9: 9-18. 

Moore, S., 2017. The Stuppy Aquaponics Curriculum, Part 5: Types Of Bacteria In Aquaponics, 

s.l.:https://blog.stuppy.com/aquaponics/the-stuppy-aquaponics-curriculum-part-5-types-

of-bacteria-in-aquaponics. 

Hasan, M.R. ed., 2007. Study and analysis of feeds and fertilizers for sustainable aquaculture 

development (p. 510). Rome: Food and Agriculture Organization of the United Nations.  

Mulusew Getnet & Nagappan Raja, 2013. Impact of Vermicompost on Growth and Development 

of Cabbage, Brassica oleracea Linn. and their Sucking Pest, Brevicoryne brassicae Linn. 

(Homoptera: Aphididae). Research Journal of Environmental and Earth Sciences. 5(3): 

104-112. 

Munroe, G., 2007. Manual of on-farm vermicomposting and vermiculture. Organic Agriculture 

Centre of Canada, 39:40. 



63 

 

 

Navarro, L., Phiri, G., 2000. Water Hyacinth in Africa and the Middle East: A Survey of Problems 

and Solutions, Ottawa: http://www.idrc.ca/booktique.[Accessed 12 November, 2020]. 

Nelson, P., 2010. Recommended plants and fish in aquaponics. [Online]  

Available at: https://aquaponics.com/recommended-plants-and-fish-in-aquaponics/ 

[Accessed 12 October 2019]. 

Newell, C. K., 2016. Assessment of Fish and Plant Growth in Aquaponics Enhanced with 

Vermicompost Tea. s.l.: http://docplayer.net/30485836-Assessment-of-fish-and-plant-

growth-in-aquaponics-enhanced-with-vermicompost-tea-christopher-kyle-newell-envs-

190-may-18-2016.html [Accessed on 12 November 2020]. 

Nxawe, S., Ndakidemi, P., Laubscher, C.P., 2011. Effect of regulated irrigation water temperature 

on hydroponics production of Spinach (Spinacia oleracea L). African J. Agric. Res. 4, 

1442—1446. 

Ogutu, P.A., 2019. Vermicomposting Water Hyacinth : Turning Fisherman  s Nightmare into 

Farmer  s Fortune. Int. J. Res. Innov. Appl. Sci. 4, 3—6. 

Page, A.L., Miller, R.H., D.R, K., eds.,1982 1985. Methods of soil analysis, part 2: Chemical and 

microbiological properties, Vol. 2. Aufl. 1184 S., American Soc. of Agronomy (Publ.), 

Madison, Wisconsin, USA, gebunden. 

Pant, A., Radovich, T., Hue, N.V., 2011. Using Compost Tea to Increase Plant Growth and 

Quality. In: Tea Time In the Tropics: A handbook for compost tea production and use. 

Honolulu: The University of Hawaii. 

Pant, A., Radovich, T. J., Hue, N. V. & Arancon, N. Q., 2011. Effect of Vermicompost Tea 

(Aqueous Extract) on Pak Choi Yield, Quality and on Soil Biological Properties. Compost 

Science and Ultilization, 19(4): 279-293. 

Pennisi, B.V. and Thomas, P.A., 2015. Essential pH Management in Greenhouse Crops pH and 

Plant Nutrition. Extension Floriculture Specialists. 



64 

 

 

Polycarpou, P., Neokleous, D., Chimonidou, D. and Papadopoulos, I., 2005. A closed system for 

soil less culture adapted to the Cyprus conditions. F. El Gamal, AN Lamaddalen, C. 

Bogliotti, and R. Guelloubi. Non-conventional water use, pp.237-241. 

PAI (Population Action International) (Accessed May 11, 2020). Why Population Matters to food 

Security. http://pai.org/wp-content/uploads/2012/02/PAI-1293-FOOD_compressed.pdf 

Radulescu, C., Stihi, C., Ionita, I., Dulama, I.D., Chilian, A., Necula, C., Chelarescu, E.D., 2014. 

Determination of heavy metal levels in water and therapeutic mud by atomic absorption 

spectrometry. Rom. J. Phys. 59, 1057—1066. 

Raja, S., 2019. Studies on the Integrated Aquaponic System with Green Herbal Cultivation by 

using Liquid Fertilizer of Seaweed, Turbinaria conoides. Int. J. Res. Appl. Sci. Eng. 

Technol. 7. 

Rakocy, J. E. & Hargreaves, J. A., 1993. Integration of vegetable hydroponics with fish culture: a 

review. In: J.-K. Wang, Ed. Techniques for Modern Aquaculture.. American Society of 

Agricultural Engineers: St. Joseph, MI:112-136. 

Rakocy, J. E., Masser, M. P. & Losordo, T. M., 2016. Recirculating Aquaculture Tank Production 

Systems: Aquaponics—Integrating Fish and Plant Culture, s.l.: Oklahoma Cooperative 

Extension Service. 

Rana, K. S., Jahan, M., Ferdous, Z. & Salam, M. A., 2018. Production performance of lettuce 

(Lactuca sativa): aquaponics versus traditional soil. Asian Journal of Medical and 

Biological Research, 4(2):149-156. 

Resh, H. M., 2013. Hydroponic Food Production: A Definitive Guidebook for the Advanced Home 

Gardener and the Commercial Hydroponic Grower. CRC Press, Boca Raton, FL. 

Rinehart, L., 2019. Aquaponics — Multitrophic Systemsfor Sustainable Food Production. ATTRA 

Sustain. Agric. 1—23. 

Robaina, L., Pirhonen .J., Mente .E., Sánchez .J., Goosen. N., 2019. Fish Diets in Aquaponics. In: 

Aquaponics Food Production Systems: Combined Aquaculture and Hydroponic 

Production Technologies for the Future. Switzerland: Springer: 333-352. 



65 

 

 

Roosta, H. R. & Hamidpour, M., 2011. Effects of foliar application of some macro- and micro-

nutrients on tomato plants in aquaponic and hydroponic systems. Bioresource 

Technology,101, p. 6215—6218. 

Roosta, H.R., Rezaei, I., 2014. Effect of Nutrient Solution pH on the Vegetative and Reproductive 

Growth and Physiological Characteristics of Rose Cv .  Grand Gala  in Hydroponic System. 

J. Plant Nutr. 37, 2179—2194. https://doi.org/10.1080/01904167.2014.920377 

Roy, R.N., Finck, A., Blair, G.J. and Tandon, H.L.S., 2006. Plant nutrition for food security. A 

guide for integrated nutrient management. FAO Fertilizer and Plant Nutrition Bulletin, 16, 

p.368. 

Rurangwa, E. & Verdegem, M. C., 2015. Microorganisms in recirculating aquaculture systems 

and their management. Reviews in Aquaculture, 7:117—130. 

Salam, M. A., Jahan, N., Hashem, S. & Rana, K. M. S., 2014a. Feasibility of tomato production in 

aquaponic system using different substrates. Progressive Agriculture, 25(1017 — 

8139):54-62. 

Salam, M., Prodhan, M., Sayem, S. & Islam, M., 2014b. Comparative growth performances of taro 

plant in aquaponics vs other systems. Int. J. Innov. Appl. Stud., 7: 941-946.. Int. J. Innov. 

Appl. Stud, 7: 941-946. 

Sardare, M.D., Sardare, M.M.D., Admane, M.S. V, 2016. A Review On Plant Without Soil - 

Hydroponics A Review On Plant Without Soil - Hydroponics. Int. J. Res. Eng. Technol. 2, 

299—204. https://doi.org/10.15623/ijret.2013.0203013 

Satterthwaite, D., Mcgranahan, G., Tacoli, C., 2010. Urbanization and its implications for food 

and farming. Phil. Trans. R. Soc. B 365, 2809—2820. 

https://doi.org/10.1098/rstb.2010.0136 

Savvas, D., Olympios, C.M., Mantzos, N., Pantelis, B., 2006. Effects of Ammonium Nitrogen on 

Lettuce Grown on Pumice in a Closed Effects of Ammonium Nitrogen on Lettuce Grown 

on Pumice in a Closed Hydroponic System. HortScience 41, 1667—1673. 

https://doi.org/10.21273/HORTSCI.41.7.1667 



66 

 

 

Sayara, T., Amarneh, B., Saleh, T. & Abuha, R., 2016. Hydroponic and Aquaponic Systems for 

Sustainable Agriculture and Environment. International Journal of Plant Science and 

Ecology, 2(3): 23-29. 

Schmautz, Z., Graber, A., Jaenicke, S., Goesmann, A., Junge, R. and Smits, T.H., 2017. Microbial 

diversity in different compartments of an aquaponics system. Archives of 

microbiology, 199 (4): 613-620. 

Schneider, O., Sereti, V., Eding, E. & Verreth, J., 2005. Analysis of nutrient flows in integrated 

intensive aquaculture systems. Aquacultural Engineering, 32: 379—401. 

Scuderi, D.; Restuccia, C.; Chisari, M.; Barbagallo, R.N.; Caggia, C.; Giuffrida, F. 2011. Salinity 

of nutrient solution influences the shelf-life of fresh-cut lettuce grown in floating system. 

Postharvest Biol. Technol., 59, 132—137. 

Seawright, D. E., Stickey, R. R. & Walker, R. B., 1998. Nutrient dynamics in integrated 

aquaculture-hydroponics systems. Aquaculture,160: 215-237. 

Sharma, N., Acharya, S., Kumar, K., Singh, N., Chaurasia, O.P., 2018. Hydroponics as an 

advanced technique for vegetable production: An overview. J. Soil Water Conserv. 17(4): 

364—371. https://doi.org/10.5958/2455-7145.2018.00056.5 

Sikawa, D. C. & Yakupitiyage, A., 2010. The hydroponic production of lettuce (Lactuca sativa L) 

by using hybrid catfish (Clarias macrocephalus×C. gariepinus) pond water: Potentials and 

constraints. Agr. Water Man,97:1317-1325. 

Silva, S.F., Moura, M.A., Queiroz, H.D.A., Ardisson, J.D., 2018. Chemical and spectroscopic 

characterization of tourmalines from the Mata Azul pegmatitic field , Central Brazil. J. 

Geosci. 63, 155—165. https://doi.org/10.3190/jgeosci.258 

Singh, W.R., Kalamdhad, A.S., 2016. Transformation of nutrients and heavy metals during 

vermicomposting of the invasive green weed Salvinia natans using Eisenia fetida. Int. J. 

Recycl. Org. Waste Agric. 5, 205—220. https://doi.org/10.1007/s40093-016-0129-3 



67 

 

 

Sirakov, I., Lutz, M., Graber, A., Mathis, A., Staykov, Y., Smits, T.H. and Junge, R., 2016. 

Potential for combined biocontrol activity against fungal fish and plant pathogens by 

bacterial isolates from a model aquaponic system. Water, 8(11): 518. 

Smith M-C, Madec S, Coton E, Hymery N (2016). Natural co-occurrence of mycotoxins in foods 

and feeds and their in vitro combined toxicological effects. Toxins, 8(4):94. 

Somerville, C., Cohen, M., Pantanella, E., Stankus, A. and Lovatelli, A., 2014. Small-scale 

aquaponic food production: integrated fish and plant farming. FAO Fisheries and 

Aquaculture Technical Paper, (589), p.I. 

Sublett, W.L., Barickman, T.C. and Sams, C.E., 2018. The effect of environment and nutrients on 

hydroponic lettuce yield, quality, and phytonutrients. Horticulturae, 4(4): 48. 

https://doi.org/10.3390/horticulturae4040048 

The Aquaponics Source, 2019. The Aquaponics Source. [Online]  

Available at: https://www.theaquaponicsource.com/what-is-aquaponics/. [Accessed 12 

October 2019] 

Timmons, M. B. & Ebeling, J. M., 2013. Recirculating Aquaculture. New York: Ithaca Publishing. 

Treadwell, D., Taber, S., Tyson, R. & Simonne, E., 2010. Foliar-Applied Micronutrients in 

Aquaponics: A Guide to Use and Sourcing, s.l.: Institute of Food and Agricultural Sciences, 

University of Florida. 

Tucker, K.L., Calvo, M.S., Moshfegh, A.J., Tucker, K.L., 2014. Assessing the Health Impact of 

Phosphorus in the Food Supply : Issues and Considerations. Adv. Nutr. 5, 104—113. 

https://doi.org/10.3945/an.113.004861 

Ucar, Y., Erdal, I., Erdal, I., Tuylu, G.. ., 2007. Effect of Potassium Fertilization on Lettuce  s ( 

Lactuca sativa L .) under Different Sodium Media. Asian J. Chem. 19, 4083—4092. 

United Nations, 2018. Population. Retrieved from http://www.un.org/en/sections/issues-

depth/population/. Accessed 29 August, 2020. 

Uwah, E., Abah, J., 2009. Concentration levels of nitrate and nitrite in soils and some leafy 

vegetables in Maiduguri, Nigeria. J. Appl. Sci. Environ. Sanit. 4, 233—244. 

https://doi.org/10.3390/horticulturae4040048
https://www.theaquaponicsource.com/what-is-aquaponics/
http://www.un.org/en/sections/issues-depth/population/
http://www.un.org/en/sections/issues-depth/population/


68 

 

 

Van Kessel, M. et al., 2010. Biodiversity of N-cycle bacteria in nitrogen removing moving bed 

biofilters for freshwater recirculating aquaculture systems. Aquaculture, 306: 177—184.  

Vallance1, J., F.D´eniel, F.D., Le Floch, G., Gu´erin-Dubrana, L., Blancard, D., Rey, P., 2011. 

Pathogenic and beneficial microorganisms in soilless cultures To cite this version : HAL 

Id : hal-00930473 Review article. Agron. Sustain. Dev 31, 191—203. 

Vilakazi, N., Nyirenda, K., Vellemu, E., 2019. Unlocking Water Issues Towards Food Security in 

Africa, in: InteOpen. pp. 1—17. https://doi.org/DOI: 

http://dx.doi.org/10.5772/intechopen.86788 Author 

Wang, J., Gong, B., Huang, W., Wang, Y. and Zhou, J., 2017. Bacterial community structure in 

simultaneous nitrification, denitrification and organic matter removal process treating 

saline mustard tuber wastewater as revealed by 16S rRNA sequencing. Bioresour. 

Technol., 228: 31—38. 

Ward, M.H., Id, R.R.J., Brender, J.D., Kok, T.M. De, Weyer, P.J., Nolan, B.T., Villanueva, C.M., 

Breda, S.G. Van, 2018. Drinking Water Nitrate and Human Health : An Updated Review. 

Environ. Res. Public Heal. 15, 1—31. https://doi.org/10.3390/ijerph15071557 

Welch, N., Tyler, K., Ririe, D. and Broadbent, F., 1983. Lettuce efficiency in using fertilizer 

nitrogen. California Agriculture, 37(11): 18-19.  

Weltzien, H.C., 1991. Biocontrol of foliar fungal diseases with compost extracts. In Microbial 

ecology of leaves. 430-450. Springer, New York, NY. 

Wongkiew, S. et al., 2017. Nitrogen transformations in aquaponic systems:A review. Aquac. Eng., 

76:9—19.. 

Wood, A. J. & Roper, J., 2000. A Simple and Nondestructive Technique for Measuring Plant 

Growth and Development. American Biology Teacher, 62(3): 215-17. 

Wood, K. L. & Robertson, I., 2015. Water Analysis Using LAMBDA UV/Visible 

Spectrophotometers: Ammonia-Nitrogen Determination. Seer Green: PerkinElmer, Inc.. 



69 

 

 

Worku Melees and Samuel Sahile, 2018. Impact of Water Hyacinth , Eichhornia crassipes 

(Martius) (Pontederiaceae) in Lake Tana, Ethiopia: A Review. J. Aquac. Res. Dev. 9, 9—

11. https://doi.org/10.4172/2155-9546.1000520 

Worm Composting, 2019. How To Make Compost Tea With Worm Castings, s.l.: 

https://www.wormcompostinghq.com/how-to-use-worm-compost/how-to-make-compost-

teawithwormcastings/#:~:text=Put%20roughly%204%20to%206,but%20city%20water%

20will%20 ork). Retrived on 12 October 2019. 

Wortman, S.E., 2015. Crop physiological response to nutrient solution electrical conductivity and 

pH in an ebb-and-flow hydroponic system. Sci. Hortic. 194, 34—42. 

https://doi.org/10.1016/j.scienta.2015.07.045 

Xia, Y., Kong, Y., Thomsen, T. & Nielsen, P., 2008. Identification and ecophysiological 

characterization of epiphytic protein-hydrolyzing Saprospiraceae (“Candidatus 

epiflobacter” spp.) in activated sludge. Appl. Environ. Microbiol., 74(7):2229—2238. 

Xu, H., Nature, I., Mridha, A.U., 2003. Yield and Quality of Leafy Vegetables Grown with Organic 

Fertilizations Yield and Quality of Leafy Vegetables Grown with Organic Fertilizations. 

Acta Hortic. 627: 25-33. https://doi.org/10.17660/ActaHortic.2003.627.2 

Yang, X., Li, Q., Tang, Z., Zhang, W., Yu, G., Shen, Q. and Zhao, F.J., 2017. Heavy metal 

concentrations and arsenic speciation in animal manure composts in China. Waste 

Management, 64, pp.333-339. 

Yasin, J. A., Kroeze, C. & Mayorga, E., 2010. Nutrients Export by rivers to the coastal waters of 

Africa: Past and future trends. Global BIogeochemical Cycles,24(4). 

Yogev, U., Sowers, K. R., Mozes, N. & Gross, A., 2017. Nitrogen and carbon balance in a novel 

near-zero water exchange saline recirculating aquaculture system. Aquaculture, 467: 118-

126. 

Zanin, G., Ponchia, G., Sambo, P, 2009. Yield and quality of vegetables grown in a floating system 

for readyto-eat produce. Acta Hortic., 807, 433—438. Zarei, M., Jahandideh Mahjen 

Abadi, V.A., Moridi, A., 2018. Comparison of vermiwash and vermicompost tea properties 

https://www.wormcompostinghq.com/how-to-use-worm-compost/how-to-make-compost-teawithwormcastings/#:~:text=Put%20roughly%204%20to%206,but%20city%20water%20will%20
https://www.wormcompostinghq.com/how-to-use-worm-compost/how-to-make-compost-teawithwormcastings/#:~:text=Put%20roughly%204%20to%206,but%20city%20water%20will%20
https://www.wormcompostinghq.com/how-to-use-worm-compost/how-to-make-compost-teawithwormcastings/#:~:text=Put%20roughly%204%20to%206,but%20city%20water%20will%20


70 

 

 

produced from different organic beds under greenhouse conditions. Int. J. Recycl. Org. 

Waste Agric. 7, 25—32. https://doi.org/10.1007/s40093-017-0186-2 

 Zarei, M., Jahandideh Mahjen Abadi, V.A., Moridi, A., 2018. Comparison of vermiwash and 

vermicompost tea properties produced from different organic beds under greenhouse 

conditions. Int. J. Recycl. Org. Waste Agric. 7, 25—32. https://doi.org/10.1007/s40093-

017-0186-2 

Zirbes, L., Renard, Q., Dufey, J., Tu, P.K., 2011. Valorisation of a water hyacinth in 

vermicomposting using an epigeic earthworm Perionyx excavatus in Central Vietnam. 

Biotechnol. Agron. Soc. Env. 15, 85—93. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1007/s40093-017-0186-2


71 

 

 

Appendix 

 

Appendix 1: Lettuce nursery bed and seedlings 
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Appendix 2: Vegetables showing some nutrient deficiency from Treated hydroponics system
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Appendix 3:Lettuce harvesting, weighing and drying 

 


