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ABSTRACT

Fish tank effluent has been reported as a cheap bio-fertiliser, and increases soil
physico-chemical properties, hence improving soil fertility thus high production of
bulb onion. A study was conducted to determine mineral nutrient composition of
fish tank effluent and its effect on growth and yield of bulb onion, Allium cepa L. at
Kyambogo University. The study determined the physico-chemical properties of
fish tank effluent at different concentrations, effect of fish tank effluent
concentration on growth and yield of bulb onion and assessed the gross margin of
bulb onions grown under different concentrations of fish tank effluent. Treatments
included 0, 100, 200 and 400 ml/L, and were laid out in a Completely Randomized
Block Design with six replications for two trials. Data was collected; on Electro
conductivity (EC), Total Dissolved Solutes (TDS), Total Suspended Solids (TSS),
Nitrogen (N), phosphorus (P) and potassium (K), growth, yield and gross margin.
Data collected was analysed by One Way ANOVA for objective one and two using
Genstat statistical package (15 edition). Gross margin was computed using excel
2017 version. All results on physico- chemical properties varied significantly (P <
0.05) among fish tank effluent concentration. Highest mean EC, TDS, and TSS were
recorded in 400 ml/L being 559.00 + 0.00/L pS/cm, 368.33 + 0.33 mg/L, and
5033.33 * 33.33 mg/L respectively, while the same treatment had the lowest pH
(6.56 £ 0.30). Highest mean N, P and K (0.43 + 0.09, 0.06 £ 0.01 and 0.08)% were
recorded from 400ml/L while the lowest (0.02 £ 0.01, 0.01 £ 0.00 and 0.01)% from
Oml/L. At the final week (12WAT), effluent concentrations did not significantly (P
> 0.05) affect mean leaf area as a key growth parameter. The highest mean yield
(26.84 £ 0.69 t/ha) was from plots treated with 200 ml/L and the lowest (14.49 +
1.22t/ha) from 0 ml/L. The highest gross margin (71.76%) was from 200ml/L while
the lowest (64.26%) was from 0 ml/L. In conclusion, physico-chemical properties
varied among the different concentrations. Fish tank effluent concentration did not
significantly affect growth parameters, significantly affected bulb onion yield, bulb
height and harvest index but none significant on bulb onion diameter. Fish tank
effluent at a concentration of 400 ml/L is recommended as a bio-fertilizer, for having
highest amounts of physico-chemical properties. Fish tank effluent at concentration
of 200 ml/L is recommended for better bulb onion growth, yield and gross margin
in bulb onion production. Further studies on comparison of tank fish effluent and
other different types of aquaculture systems should be under taken in bulb onion
production.

XV



CHAPTER ONE

INTRODUCTION

1.1 Background to the study

The Alliaceae is regarded as a separate family that includes Allium plants and their
relatives. The genus Allium contains roughly 750 species, with the most significant
edible Allium crops being the onion, Japanese bunching onion, leeks, and garlic
(Eksi et al., 2020). Onion (Allium cepa L.) is also one of the most important
commercial vegetable crops, and widely grown in almost all over the world

(Khokhar, 2017).

Kamble and Kathmale (2015), the western Tien Shan region of China, Afghanistan,
Tajikistan, and Uzbekistan, as well as western India, Western Asia and the
Mediterranean Sea region are secondary onion development centers. China was the
world's top producer of onions, with 31.19% of the crop, followed by India with
28.51% and the United States of America with 3.96% (FAO, 2019). Over 50 billion
pounds of onions were produced in 2019 in China and India, while Egypt is the
leading producer in Africa (3.85%), followed by Sudan (2.40%) and Algeria

(2.02%).

In East Africa, Tanzania is the leading producer of onions, followed by Kenya and
then Uganda. In Uganda, there is large scale production (5 — 10 acres) especially in
Sebei region, which comprises the districts of Kapchorwa, Bukwo and Kween as
well as the neighboring districts of Bulambuli, Sironko, Mbale in Bugisu Sub-

region, as well as Southwestern areas around Kabale, Kisoro, Kanungu, Rukungiri,



Kasese, Rubirizi and Kabalore small scale onion production is carried out on 1 to 3
acres in the Districts of Mubende, Mityana, Luwero, Hoima, Masindi and Kamuli

(The New Vision, 23/June/2020).

Farmers from small-scale and large-scale use bulb onions to get high-income and
consume it as a vegetable crop in every meal (Sura et al., 2022). Green onion leaves
are prepared in some parts of West Africa before being used to form fermented, sun-
dried balls that are later used as edible spice (Ulian et al., 2020). The most suitable
edible portion of onion is the bulb (modified-stem) consists of thickened scale leaves

(Oku et al., 2019).

According to Cozzolino et al. (2021), the extracted onion distillate, also known as
"Onion oil," is frequently employed in food preparations as a spice and flavoring for
savory goods. Teshika et al. (2018) reported that bulb onion is considered as an
integral part of the preparation of all food items. In addition, onion extracts are used

as anti-browning agents as well as beneficial food additives (Lante et al., 2020).

According to Fruscella et al. (2023), compounds from onions offer a variety of
positive health effects, including anti-carcenogenic, anti-platelet, anti-hrombotic,
asthmatic, and antibacterial actions. Extracts of onion is used for anticancer agents
with the effects of antioxidants (Alzandi et al., 2021). It also reduces glucose by 25
percent (Pradeep and Srinivasan et al., 2017). Onions are used to treat boils and
blisters, and in homeopathic medicine, it is used to treat hay fever and diarrhea in
many underdeveloped nations (Dwamena et al., 2023). Nitrogen among the essential

nutrients for growth of onions especially when it is controlled and released in the



soil. At harvest, the bulbs contain 65% of the total nitrogen in the above-ground
biomass, whereas the leaves contain 35% (Geisseler et al., 2022). Increase in water
supply is another requirement which increases growth and yield of onions until a

highest value is obtained (Wakchaure et al., 2018).

Potential yield of onion in semi-arid regions is reduced by abiotic factors such as
soil infertility which causes up to 60% vyield loss, poor agronomic practices and
biotic factors such as planting low vyielding varieties, insect pest, and diseases
(Mrema et al., 2021). According to Shura et al. (2022) low productivity of onion
production is due to low fertility of soil, inappropriate fertilizer rate, lack of
improved varieties and poor management practices. Change in climatic conditions
such as extreme temperatures which cause excessive evaporation of soil moisture,
very heavy rainfall in some parts of the country (Kagorora et al. 2021) affect growth

and yield on onions.

Giller and Andriesse (2015) Land use change issues have had a devastating impact
on Ugandan soils. The original tropical rainforests gave way to savannah, which in
turn gave rise to nearby farms, building sites, locations for burning charcoal, and
other non-agricultural uses. Andriesse and Giller (2015) assert that the cumulative
effect of this kind of land use transition significantly affects land degradation, which
is an additional component causing climate change. Additional contributing issues
include excessive use of chemical fertilizers, persistent monocropping, poor
agricultural methods, and overgrazing, which compacts the soil (Deche et al., 2022).
The two main practices that cause soil deterioration among Uganda's smallholder

farmers are continuous tillage and monocropping. According to Fatumah et al.



(2020), these inefficient agricultural practices have a detrimental effect on soil
because they increase surface runoff, decrease infiltration, and alter soil structure
and biodiversity. FOA, (2022) stated that Ugandan farmers more especially in
Kumi, Bulambuli, and Namutumba Districts received training on the best practices
on soil management like correct fertilizer application rate, timely planting, soil
testing, timely weeding, mulching fertilizer combinations and blended fertilizers for
specific crops which included manure and urea; Di-ammonium Phosphate (DAP)
and urea and fertilizer with micronutrients- nitrogen, phosphorus, and potassium

(NPK).

According to a study by Nabyonga et al. (2022b), inorganic fertilizers have been
used for a considerable amount of time throughout the world. An estimated 285
million tonnes of nutrients were needed globally for NPK, of which 245 million
tonnes were delivered. In response to the global campaign for fertilizer use, it is
projected that this amount will have reached 317 million tonnes in 2020 (FAO,

2017).

Organic fertilizers have less detrimental impacts on the environment and can
therefore protect nature, they are strongly recommended worldwide. In addition to
increasing the amount and quality of food through increased nutritional content,
organic fertilizers show resilience and stability in the face of climate change (Raimi
etal., 2017). Additionally, useful, organic fertilizers increase soil fauna and organic
matter overall, enhancing the quality of the soil. Additionally, crops are more
variable due to the fact that organic fertilizers often preserve natural pollinators like

birds and insects (Bernstein and Wiesmann, 2019).



The utilization of animal manures, sludge, municipal solid waste, and agricultural
waste is common among farmers globally due to the growing demand for organic
products (Barnossi et al., 2020; Chew et al., 2019). Musa et al. (2020) wastewater
from fish ponds is used as a potential irrigation source for raising vegetables around
the sites which are directly or indirectly consumed by human beings. Fish pond
effluent has adverse effects on soil health and crop productivity due to presence of
high concentration of physico-chemical properties such as total dissolved solutes,
total suspended solids, electroconductivity, nitrogen, phosphorus, potassium,

cadmium (Cd), nickel (Ni), lead (Pb) and chromium (Cr).

Fishpond effluent can be used as irrigation water in the production of bulb onion
thus improving the gross margin of bulb onion yield. The income from selling fish
effluent can offset costs of obtaining water and inorganic fertilisers. Fish pond
effluent has the potential to add substantial amounts plant nutrients like nitrogen,
phosphorus potassium among others thus reducing the need for commercial

fertilizers for crops (Musa et al., 2020).

Several studies have revealed that soil fertility is declining resulting into low
production of bulb onion and low gross margin among bulb onion farmers. Also
different scholars in their studies stated that fish pond effluent supplies irrigation
water, essential physico-chemical properties such as nitrogen, phosphorus
potassium among others which sustains the soil for a long period of time without

getting leached hence continuous production of bulb onions.



However, there is limited information on the amounts of physico-chemical
properties of fish tank effluent at different concentrations, effect of fish tank effluent
concentration on growth and yield of bulb onion and gross margin of bulb onions
grown under different concentrations of fish tank effluent. In addition, it has been
observed that the addition of vital crop nutrients like nitrogen, phosphorus, and
potassium by fish pond effluent considerably increases soil fertility. This enhances
growth, yield, and profit margin from bulb onion sales. This study therefore, aimed
at determining mineral nutrient composition of fish tank effluent and its effect on
growth and yield of bulb onion, allium cepa.

1.2 Statement of the Problem

Fish effluent is considered as an organic fertiliser for growing vegetables thus safe
for the human health (Khater et al., 2015). Fish effluent is used as bio-fertiliser
because it is rich in physico-chemical properties such as EC, TDS, TSS, pH,
Nitrogen, phosphorus and potassium (Qi et al., 2020). Bulb onions are source of
ingredients in food (Lante et al., 2020). Ashagrie et al. (2021) reported that Bombay
red is widely grown onion variety under irrigation in Ethiopia due to its higher bulb
yield and earliness. However, the unfertile soil and dry conditions for long period
of time have increasingly affected crop production in Africa (Bisbis et al., 2018;
Weil and Sanchez, 2015). In Uganda, low production of bulb onion is due to
insufficient soil nutrients (Nabyonga et al., 2022a). However, there is inadequate
information on physico-chemical parameters and how to formulate standards of fish
tank effluent, insufficient information on the effect of fish tank effluent

concentration on growth, yield and gross margin of the bulb onion. Therefore, a



study aimed at generating information on physico-chemical properties of fish tank
effluent, effect of fish tank effluent concentration on growth, yield and gross margin
of the bulb onion.

1.3 Objectives of the study

1.3.1 General objective

The purpose of the study was to assess the mineral nutrient composition of fish tank
effluent and its effect on the growth and yield of bulb onions.

1.3.2 Specific Objectives

I.  To determine and quantify physico-chemical properties of fish tank effluent
at different concentrations.
ii.  To assess the effect of fish tank effluent concentration on growth and yield
of bulb onion.
iii.  To determine the gross margin of bulb onions grown under different
concentrations of fish tank effluent.

1.3.3 Research Hypotheses and Research Question

i.  Different concentrations of fish tank effluent have different quantities of
physico-chemical properties.
ii.  Concentration of fish tank effluent has an effect on growth and yield of the

bulb onion.

Research question: What is the gross margin of bulb onions grown under different

concentrations of fish tank effluent?



1.4 Justification of the study

Fish tank effluent is known to contain a variety of macro and micronutrients
essential for plant growth, including nitrogen, phosphorus, potassium, and trace
elements. By determining and quantifying the mineral nutrient composition of fish
tank effluent at different concentrations, this research will be in position to provide
insights into how those nutrients can enhance growth, yield and gross margin of the
bulb onion, a widely consumed vegetable that is rich in compounds beneficial for
human health. Utilising fish tank effluent in bulb onion production can also mitigate
the environmental impacts associated with both aquaculture waste disposal and
synthetic fertiliser use which harm harmful organisms in the soil.

1.5 The Scope of the Study

This study involved tilapia fish effluent collected from concrete fish tank ponds at
Kyambogo University. The study was limited to analysis of physico-chemical
properties of fish tank effluent at the concentrations of 0, 100, 200, and 400 ml/L of
the effluent. Also assessed was the effect of the fish tank effluent concentration on
growth and yield of the bulb onion. Gross margin of bulb onion grown under open
field treated with varying concentrations of fish tank effluent was also determined.

1.6 Significance of the Study

This study intended to address the knowledge gap especially limited information on
physico-chemical properties of fish tank effluent and its effect on growth and yield
of the bulb onions. The findings of the current study will be useful to aquaculture

farmers who may reap from the effluent as a bio-fertiliser to bulb onion farmers.



Farmers will also benefit directly by accessing a cheaper source of bio-fertilizer,
moreover, which is safer to the environment than the artificial fertilizers.
Researchers will utilize findings from this study in formulating new research ideas
for improving agricultural productivity. Finally, policy makers will be able to use
the findings of the study to support the development of further research and
extension programs on the use of fish tank effluent concentration in the production

of bulb onion.



CHAPTER TWO

LITERATURE REVIEW

2.1 Importance of Onion, Allium cepa

Bulb onions are one of the most important vegetable crops grown worldwide and
have a significant economic impact on the agricultural industry. They are a major
cash crop for many farmers and contribute to the local and global economy through
production, distribution, and trade (Eksi et al., 2018). Bulb onions are used in a wide
range of dishes, including soups, stews, salads, sauces, and raw preparations. Onions
add flavor, aroma, and texture to dishes and they are used for their culinary
versatility and ability to enhance the taste of other ingredients (Li et al., 2020). Bulb
onions are a good source of essential nutrients, including vitamins (C and B-
complex), minerals (potassium, phosphorus, magnesium), and dietary fiber. They
also contain phytochemicals such as flavonoids and sulfur compounds that have
antioxidant, anti-inflammatory, and health-promoting properties (Augusti, 2020).
Mahmood et al. (2021) study revealed that bulb onions contains bioactive
compounds which improves on the health of human beings through improving
cardiovascular health, reduced risk of chronic diseases for example (cancer and

diabetes), and enhances immune function.

2.2 Production Constraints of Onions

Pest infestations and disease outbreaks are significant constraints on bulb onion
production. Common pests affecting onions include thrips, onion maggots, and

nematodes, while diseases such as downy mildew, bacterial rots, and fusarium can
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cause yield losses and quality deterioration (Anik and Salam, 2015). Poor soil
drainage, high salinity, and nutrient deficiencies can limit onion growth and
development. Furthermore, unfavorable weather affects bulb formation and overall
crop output, including dryness, severe rainfall, and temperature variations (Dumitru
et al., 2023). Weed pressure is a common constraint in onion fields, as competition
for nutrients, water, and light can reduce onion yields and quality (Ayinde and
Obalola, 2017). Improper post-harvest handling and storage practices can lead to
significant losses in bulb onion quality and quantity. Factors such as mechanical
damage, storage temperature, humidity levels, and disease development can impact
the shelf life and marketability of harvested onions (Emana et al., 2017). Limited
market access, price variability, poor infrastructure such as potted roads in rural
areas limit transportation of yield onions to the market, poor pricing strategies, and
market demand can affect the economic sustainability of onion farming operations

(Miassi et al., 2018).

2.3 Status of soil fertility and fertiliser use in Uganda

Raimi et al. (2017) soil fertility in Uganda is declining due to continuous cultivation,
poor farming practices, and limited use of organic and inorganic fertilisers thus
limiting crop production on a large scale. Bationo et al. (2020) indicated that
smallholder farmers in Uganda face challenges in accessing affordable and quality
fertilisers. Limited knowledge about appropriate fertiliser use and application
methods among farmers also contributes to low fertiliser adoption rates in the
country. The Ugandan government has implemented several initiatives to promote

sustainable soil fertility management and increase access to fertilisers for

11



smallholder farmers. The National Agricultural Advisory Services (NAADS)
program and the National Fertilizer Policy aim to enhance soil fertility and boost
agricultural productivity through improved fertiliser use (Kasimbazi, 2020).
Research institutions and agricultural extension services in Uganda, such as the
National Agricultural Research Organization (NARO) and the Ministry of
Agriculture, Animal Industry and Fisheries (MAAIF), play a crucial role in
providing technical support, training, and advisory services to farmers on soil
fertility management and fertiliser use. Masso et al. (2017) study revealed that
despite the challenges related to soil fertility and fertiliser use in Uganda, there are
opportunities for sustainable intensification and increased agricultural productivity.
Integrated soil fertility management approaches, use of organic inputs, and targeted
fertiliser subsidies for smallholder farmers are some of the strategies that can help

address these challenges.

2.4 Safety of fish tank effluent for fertilizer use

Fish pond effluent is rich in nutrients such as nitrogen, phosphorus, and potassium,
which can enhance soil fertility and crop productivity (Green, 2022). Chiquito-
Contreras et al. (2022) study revealed that fish pond effluent as fertilizer contains
heavy metal contamination such as lead, mercury, and cadmium which can
adversely affect soil quality and crop safety. Fish pond effluent contains microbial
pathogens such as bacteria, viruses, and parasites which is harmful to soils, posing
a risk to crop quality and human health if not properly managed (Abd-Elmaksoud et
al., 2021). The discharge of fish pond effluent into water bodies or onto agricultural

fields can lead to eutrophication, water pollution, and soil degradation. Proper

12



management practices, such as nutrient monitoring, effluent treatment, and
application guidelines, are essential to minimize the environmental impact of using
fish pond effluent as fertilizer (Kumar et al., 2014). Jana et al. (2018) study revealed
that effective regulation and monitoring of fish pond effluent use in agriculture are
crucial for ensuring the safety and sustainability of this practice. Government
policies, guidelines, and quality standards for fish pond effluent as fertilizer should
be developed and enforced to protect human health, soil quality, and the

environment.

2.5 Intensive aquaculture systems and waste water effluent

According to Leal et al. (2016) the intensive fish culture system involves stocking
fish at a high density and feeding them just a meal that is nutritionally balanced to
suit their nutrient needs. Quality fish feeds are essential to the success of intensive
aquaculture because they affect both fish development and, to some extent, bacterial
growth in the system (Jambo et al., 2019). The scarcity of water, land, and labor
resources are major factors in increasing intensive fish farming system (Kaleem et
al., 2021). The need for quick production of market-sized fish to meet the demand
of an increasing population in African countries has contributed to development of
intensive fish farming system (Soliman and Yacout, 2016c). The cages range in size
from little ones of about 32m? to bigger ones of about 600m?. Rural areas also
employ smaller cages (2-4 m®) hung in drainage canals (Mehrim et al., 2016).
Intensive aquaculture can produce many fish in a small amount of space, but it
seldom happens without effective fish seed production (Soliman and Yacout,

2016D).

13



2.6 Physico-chemical proprieties of fish farm effluents

Several studies have been conducted on the physico-chemical properties of fish
farming effluents including pH, EC, TDS, TSS, among others (Omeir et al., 2019c;
Makori et al., 2017; Leal et al., 2018). For instance, from a study by Onuorah et al.,
(2022), the mean pH (5.62) of the effluent sample was reported to be relatively lower
than that of the unpolluted soil (6.20). According to Kabeto et al., (2020) findings
revealed that the pH effluent sample was higher than that of unpolluted soil.
However, the desirable pH range for fish tank effluent is 6.5 — 9.5 while the

acceptable range is 5.5 — 10.0 (Cristovao et al., 2015).

Electrical conductivity is an indicator of water quality and soil salinity. Onuorah et
al. (2022) reported that the conductivity value of the fish effluent was higher than
unpolluted soil. The total dissolved solids, were higher in fish pond effluent sample
21.18 mg/l than unpolluted water (2.12 mg/L) (Onuorah et al., 2022). Rodrigues et
al. (2019) reported that farmers use feeds to supplement pond nutrients which
increase total dissolved solids. The total suspended solids of the effluent sample
(20.50mg/l) was higher than unpolluted soil (1.76 mg/L). Coldebella et al. (2017)
reported that the accumulation of low biological oxygen demand results in
organisms to be stressed and suffocated, hence increasing the total suspended solids

(Anyanwu and Solomon, 2015).

Nitrate is the final product of the biological oxidation of ammonium with oxygen
into nitrite followed by the oxidation of these nitrites (Maia and Moura, 2014). It is

among the essential nutrients needed for the growth of plants. Fish effluent has high
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total nitrogen for high production of vegetables (Onuorah et al., 2022). The same
study revealed that the mean phosphate value was higher in the effluent sample than

the unpolluted soil (Onuorah et al., 2022).

For plants to flourish, soil must contain a moderate amount of nitrogen; however,
too much nitrogen reduces plant growth and production (Najera et al., 2015).
According to the study's findings, total nitrogen levels in the soil after fish pond
wastewater deposits ranged between 1.26 and 2.10 g/kg, while levels in control soil
samples used by farmers ranged between 0.95 and 1.11 g/kg, with values between
6.86% and 7.73%. Najera et al. (2015) study revealed that the amount of nitrogen
found in the soil may have come from fish meals as well as other sources, including
bacteria and feces present in the ponds. When deposited on the soil, this nitrogen
would have a direct impact on soil fertility. Fish effluent sediment contain higher
concentration K and organic matter which is essential for growth and yield of plants
(Goggin, 2022). Fish effluent is rich in potassium which improves on soil fertility
for crop production (Omeir et al., 2019).

2.7 Effect of fish tank effluent on growth of the bulb onion

Kaab et al. (2020) noted that fish pond effluent provides water requirement of plants
and also improves the availability of nutrients in the soil which in turn increases all
plant growth parameters unlike places where it has not been applied (Metwally,
2021). In order to provide the nitrogen that plants need for growth, soil and fertilizer
supplies can be mixed (Coelho et al., 2019). The study by Akindele et al. (2022)

indicated that sweet pepper grown in plots treated with fish pond effluent resulted
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into highest percentage of leaves, stem girth, biomass, sweet pepper production, root

weight, and leaf area compared to zero application.

Leaf area is directly related to the amount of light that can be intercepted by plants.
It is an important variable. Leaf Area is crucial to theoretical production ecology
since it is used to forecast photosynthetic primary production, evapotranspiration,
and crop growth. Leaf area and light interception have been found to have an inverse
exponential relationship that is linearly related to the primary production rate (De
Mattos et al., 2020). Leaf area is seasonal and varies with plant activity, with the
maximum leaf area occurring in spring during leaf production and the lowest leaf
area occurring in late summer or early fall during leaf senesce and potential
shading Guli et al. (2015). Application of highest volume of effluent produced the
highest yield of lettuce when compared to the lowest amounts. This proved that
applying fish pond water to plants during growth directly boosts the development of
the leaf area of onion plants. Increased photosynthesis occurring across a greater
leaf area is the cause of this (Fruscella et al., 2023c). Kaab et al. (2020) revealed
that fish effluent increases fresh and dry weight of shoot and roots thus a high
biomass of vegetables like onion, leaf numbers and stem height of onions. It also
improves soil quality, reduce environmental pollution and reduces usage of ground
water contamination (Zohry et al., 2022). Fish effluent contains high nutrients which

enhanced highest biomass of lettuce (Fruscella et al., 2023).
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2.8 Effect of fish tank effluent on yield of the bulb onion

When crops are watered with fish effluents, previous studies have shown a
considerable improvement in crop yields as well as an increased water usage
efficiency (Abdelraouf, 2017). Metwally et al. (2021c) study revealed that fish
effluent increased fresh and dry yields of onion. Similar results were observed by
Limbu et al. (2017) for Chinese cabbage, which yielded 80% more with fish effluent
irrigation than under conventional farming. Additionally, Coldebella et al. (2017)
reported that using aquaculture for plant irrigation increased tomato yield
parameters from while using well (ground water) for plant irrigation resulted in
lower yield. Gebretsadik and Dechassa (2016) revealed that application of farm yard
manure at a high rate resulted into the highest harvest index compared to control.
Soliman et al. (2020) reported that the application of fish pond water increased the
yield of bulb onions. Omeir et al. (2019) reported that the application of fish pond
water also increased the growth rate and improved the quality of garden purslane,
sweet basil, radish, and cucumber crops. Additionally, using fish pond water as a
source of fertilizer results in increased yields of fresh lettuce leaf (Maucieri et al.,
2019).

2.9 Effect of fish tank effluent on Gross Margin of bulb onion plants

Gross margin percentage is total revenue minus total variable costs and
multiplied by one hundred (Nariswari and Nugraha, 2020). Ammattikorkeakoulu,
(2015) stated that gross margin represents a percentage on how much a company
gains from total sales revenue after the production costs have been deducted. The

higher gross margin percentage, the more the company gains from each sales
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towards its other costs (Von Bach and Kalundu, 2020). Khatun et al. (2022) noted
that poultry manure produced the highest yield thus highest gross return compared
to zero application. Getu et al. (2017) noted that fish effluent can be used in the
production of onions hence reducing the cost of artificial fertilizer as well as
managing the farming with less amount of water, thus high gross margin. In Egypt,
a study by Abdel et al. (2018) revealed that fish pond water as the sole source of
fertilization rather than chemical fertilizers significantly increased average net
income of onion, estimated at about U$ 662.49/ha.

2.10 Limitations of the reviewed literature and knowledge gap

Most studies reviewed on mineral nutrient composition of fish tank effluent and its
effect on growth and yield of bulb onion showed significant effect. However, there
are no studies that have been done on the mineral nutrient composition of fish tank
effluent and its effect on growth and yield of bulb onion Secondly, fish tank effluent
as a biofertiliser is not common on Ugandan markets and some other African
countries. Besides that, most studies have concentrated on use of artificial fertiliser
such as NPK in the production of bulb onion. These inorganic fertilisers negatively
affects important soil living organisms such as earth worms in soils and causes
toxicity of soil thus causing low soil productivity hence low production of bulb
onion. Lastly, inorganic fertilisers also increase the cost of production among onion
farmers. Despite high nutrient content in the fish tank effluent, the failure to utilize
it in appropriate quantities lead to low expected yields of bulb onions. Therefore,
the study sought to establish the appropriate quantities/ crop specific rates of fish

tank effluent for onion production and gross margin for each application rate.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Experimental site / Study area description

The field experiment was conducted at the Kyambogo University farm (Latitude:
0.348485/N 0° 20’ 54.547"* and Longitude: 32.633384 / E 32° 38 0.18”") for two
trials; first trial (October to December 2022), and second trial (March to May 2023).
Table 3.1.1 presents the physico-chemical properties of soil at the experimental site
determined from the soil samples following the procedure described by Apori et al.

(2021), with slight modification.

Table 3.1: Physico-chemical properties of soil at the experimental site at the

onset of the two trials of the study

Parameter Trial One Trial Two
N (%) 0.09 0.07
P (%) 0.10 0.10
K (%) 0.00 0.01
Sand (%) 24 26
Silt (%) 29 25
Clay (%) 30 27
Textural Class Clay loam Clay loam
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3.2 Experimental treatments and research design

The study was conducted through two trials; Trial One (October to December, 2022)
and Trial Two (March to May, 2023). For each trial, the experiment had four
treatments of varying fish tank effluent concentrations: 0, 100, 200 and 400 ml/L.
The Oml/L treatment, which was tap water only served as control. Following the
procedure by Gebremichael et al. (2017), a Randomized Complete Block Design
(RCBD) with six replicates was used (Plate 1). Each experimental plot measured 2
x 3m (6m?) and the distance between plots was 1m. Onion seedlings were planted
at a spacing of 15 x 40 cm. Each plot had four rows and a total of 60 plants. Five

liters from each fish tank effluent concentration was loaded in a watering can and

applied per plot at an interval of two days for twelve weeks after transplanting.

Plate 1: Layout of the experimental field
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3.3 Data collection methods

3.3.1 Determination of physico-chemical properties of the experimental fish

tank effluent

3.3.1.1 Collection of effluent samples

Fish tank effluent (Plate 2) was collected by using a 5L bucket and dispensed to fill
a sterile 20L Jerry cans. The effluent was then diluted with tap water into three
concentrations of 100, 200, and 400 ml/L to reduce excessive concentration of
physico-chemical properties such as nitrogen, phosphorus, potassium, EC, TDS,
TSS and pH in the effluent. This could help in formulating the appropriate standards

of fish tank effluent with essential nutrients for bulb onion production.

Samples of the diluted effluent were taken to the Biology Laboratory, Kyambogo
University and duplicated into three replications for analysis of pH, EC, TDS and
TSS. The three replicates per effluent sample and soil were taken to NARO’s
National Agricultural Research Laboratories (NARL), Kawanda for analysis of N,

P and K. Tap water was included to serve as the control.
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Plate 2: Fish Tanks at Kyambogo University Farm (A) and the Reservoir where
Fish Tank Effluent was collected (B)
3.3.1.2 Determination of Nitrogen (N), Phosphorus (P) and Potassium (K) in

the experimental fish tank effluent

Nitrogen (N): This was determined using the method by Kjeldahl (1883) Kirk,
(1950). A 5ml portion of each fish tank effluent concentration and tap water (control
treatment) was measured and added into a digestion tube. To each of the digesting
tubes, a Kjeldahl catalyst tablet was added, including the blanks and followed by
5ml of concentrated sulphuric acid. The digestion tubes were placed onto the block
digester and temperature raised gradually from room temperature to about 330°C for

6 hours to avoid overly violent reaction and to allow water to be driven off from the
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digestion mixture. A typical heating sequence at 200°C for 30 mins, 250°C for 30

mins and 350° for 1 and 30mins for the reaction of the digestion time.

The digestion tubes were allowed to cool, shaken, until no more sediment was
dissolving. The tubes were further allowed to cool as the acidic digestion solution
would absorb ammonia from the air and cause errors. Deionized water was added
after the digest had been transferred to 50ml volumetric cylinders. Digest of 10mls
measured and then distilled using a mark ham distillation apparatus. Forty percent
(40%) of NaOH solution was used and 4% of Boric acid solution was also used to
collect the ammonia generated from the distillation process. Normal HCI solution
of 0.02N was titrated to get volume of NH* generated in (cm®). The amount N in the

sample was then derived as:

N% = (V1-V2) x N x F X 0.014 x 100/S

Where; V1 = Titre for sample (ml)

V2 = Titre for blank (ml)

N= Normality of standard HCI solution (0.02)

F= factor of standard HCI solution (1.5)

S = Measurement of sample taken (5 ml)

Phosphorus (P): Using U-Vis- spectrophotometer. Digest of 1ml was calibrated for

reading with U-Vis to get concentration of P and converted to % P.
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Potassium: A flame photometer was determined following the procedure by
(Rhoades, 1983). Digest of 1ml was calibrated for reading in the flame photometer
to get concentration of potassium and was converted to percentage % (K).

3.3.1.3 Determination of pH, Electrical conductivity, Total Dissolved Solids,
and Total Suspended Solids of the Experimental Fish Tank Effluent at varying

concentrations

pH: Following procedures by Uysal et al. (2019), the pH was determined in fish
effluent concentrations using Mettler Toledo meter (Mettler Toledo Co.,
Switzerland). The pH meter while using pH buffers of 4.0 and 7.0. Effluent
concentration sample was introduced into a sterile beaker to the required mark, the
meter was switched on and left for few minutes to stabilize and the electrode was
lowered into the sample thereafter, the steady value of the meter was recorded as the

pH of the sample.

Electrical conductivity (EC): Following the procedure by Uysal et al. (2019), the
EC was determined using Mettler Toledo meter. A sample of fish tank effluent
concentration sample was poured into a beaker to the required mark. The meter was
switched on and left for few minutes to stabilize. The electrode was then lowered
into the sample and monitored, after which the steady value of the conductivity

meter was recorded.

Total Dissolved Solids (TDS): Following procedure by Onuorah et al., (2022) as
described by (APHA, 2005). Whitman filter paper was used to filter the well-mixed

sample.100ml of each fish tank effluent concentration was transferred into a
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weighed evaporating dish and evaporated to dryness on a steam bath. The
evaporated sample was dried for one hour in an oven at 180°C. It cooled in a

desiccator and reweighed. The amount of Total dissolved solids (TDS)

TDS (mg/l) = (A-B/C) x1000

Where A = weight of dried residue + dish; B = weight of dish; and C = volume of

filtrate used.

Total Suspended Solids (TSS): Following procedures by Onuorah et al. (2022) as
described by (APHA, 2005), Clean, dried conical flasks were ignited at 105°C for
30 seconds in an oven, allowed to cool, weighed and kept. Each of the effluent
sample was measured into each of the weighed conical flasks and evaporated to
dryness in an oven. They were allowed to cool and then re-weighed. The amount of

Total suspended solids (TSS) in the sample was computed as follows:

TSS (mg/l) = (A-B/mL sample) x1000

Where A = weight of flask+ dried residue (mg); and B = weight of flask (mg)

3.3.2 Effect of Fish tank Effluent on Growth and Yield of the Bulb Onion

3.3.2.1 Seedling establishment, field preparation and crop management

Following procedure described by Gebremichael et al. (2017), onion seeds were
sown in a nursery bed on a well-prepared seedbed and all recommended
management practices were applied as required until they were ready for
transplanting after six weeks into the experimental field. The first planting trial was

conducted from October to December, 2022 and second trial (March to May 2023).
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The field was slashed by using slashers and demarcated using a tape measure, strings
and pegs. Primary cultivation was done with a hand hoe to remove weeds and open
the soil. Secondary cultivation followed by using a hand hoe to break hard soil clods,
remove weeds and levelling of the soil. Weeding was carried out whenever
necessary. The experimental field was enclosed by strings and red taps were
attached to scare away monkey pests.

3.3.2.2 Growth Parameters

Growth parameters were assessed following the procedure by Dwamena et al.
(2023) with slight modification. Five onion bulb plants were randomly sampled in
each experimental unit for data collection on the different parameters, measured and
recorded by using a pen in an organised data book at two-week intervals until
physiological maturity. They included, plant height, number of leaves, leaf length,
leaf width, leaf diameter and biomass. Leaf area was computed as a derivative of

leaf length and width.

(i)  Plant height: This was measured in centimeters (cm) using a ruler from the

soil surface to the top of the longest leaf (Plate 3).
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(i)

(iii)

(iv)

(v)

Plate 3: Data collection on Plant Height

Number of leaves: Leaves per plant were counted and recorded in a data
book

Leaf Length: of the longest leaf: This was measured from the base to its
apex,

Leaf diameter: which is the highest diameter of the longest leaf was
measured using a Vernier caliper.

Biomass: This was obtained by weighing fresh weight of the bulb onion

plant through using an electronic weighing scale.
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(vi)  Leaf area (LA): This was computed following procedure by Juan et al.

(2013) as per the following formula:

LA =0.837 (Length x width)

Where 0.837 is the correction factor.

Rate of senescence: Loss in leaf number of onion plants was counted
and recorded at an interval of two weeks

3.3.2.3 Yield Parameters of Onions (Bulb based parameters)

Q) Bulb length of five randomly selected bulb onions from each
experimental unit per treatment was measured using a meter ruler and
data was recorded using a pen in an organized data book.

(i) Diameter of the bulb was measured on randomly selected bulb onions
from each experimental unit per treatment using a Vernier caliper and
data was recorded in an organized data book using a pen.

(i) Bulb weight was measured by weighing randomly five selected bulbs of
onions from each experimental unit per treatment and weighed using a
digital electronic balance (Plate 4) and results obtained were extrapolated

to yield per hectare following Mohanty, (2017) procedure.
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Plate 4: Weighing bulb onions

(iv)  Harvest index was measured as a ratio of selecting randomly five dry
bulbs weight to total dry biomass yield per plant as described by

(Fruscella et al., 2023b).
3.3.3 Determination of the gross margins of bulb onions grown under fish tank

effluent

The gross margin was determined following the procedure described by (Munezero
et al. 2023). Whereby: Gross margin (GM) = Gross Income (A) minus Total
Variable Costs (B). The gross income was calculated through multiplying total

output by survey market price, while total costs were obtained by addition of total

29



variable costs which included 4kg of seeds, different concentrations of fish tank
effluent, and labour for all activities of the research project. Gross margin was
converted into percentage for each trial (A-B) x 100% (Nariswari and Nugraha,

2020).

3.5 Statistical Data Analysis

During data analysis; physico chemical properties of fish tank effluent
concentration, were subjected to Shapiro-Wilk test for Normality according to
Ghasemi and Zahediasl (2012)., EC, pH, TDS, TSS, N, P, K, Plant height, number
of leaves, leaf Area, Senescence, Biomass, bulb height, bulb diameter, yield and
harvest index, skewed positively. In order to check for homogeneity, the data were
converted to log base ten and then examined individually for the first and second
trials using the Barlett test (Barlett, 1937). Thereafter data for all trials was imported
into Genstat 2015 version using importer wizard then statistically one-way Anova
was run to compare means of fish tank effluent concentration, effect of fish tank
effluent concentration on growth and yield of bulb onion. Means were Separated by
using LSD at 5% level of significance. Finally, the gross margin was calculated and
converted into percentage by use of Microsoft recorded in table using micro soft

excel version 2017.
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CHAPTER FOUR

RESULTS

4.1 Physico-chemical properties of fish tank effluent

Generally, fish tank effluent concentration significantly (P < 0.05) influenced
presence of average pH, EC, TDS and TSS (Table 4.1). The highest pH was recorded
in the control treatment which was tap water (Oml/L effluent concentration) while
the lowest was recorded in 400 ml/L. The mean EC varied among treatments and
increased with increasing concentration corresponding to the treatments of 0 ml/L
and 400 ml/L, respectively (Table 4.1). On the other hand, Fish tank effluent also
significantly (P < 0.05) affected N, P and K. The highest concentration of Nitrogen,
potassium and phosphorus was observed in 400 ml/L and the lowest in Oml/L (Table

4.2).
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Table 4.1: Physico-properties of fish tank effluent at different concentrations

Effluent Concentration Physico-chemical properties
(ml/L) pH EC (uS/cm) TDS (mg/L) TSS (mg/L)
0 8.49 + 0.06° 191.30 + 0.06? 125.58 + 0.162 200.33 £0.112
100 7.63 £0.03" 222.33+0.33" 147.33+0.12° 1066.67 + 88.19°
200 7.49 +0.11° 264.33 £ 0.33° 175.33 £ 0.12¢ 2133.33 £ 33.33¢
400 6.56 + 0.30° 559.00 + 0.00¢ 368.33 + 0.33¢ 5033.33 + 33.33¢
P. Value (5%) 0.001 0.001 0.001 0.001
D.F 3 3 3 3
LSD 0.538 0.774 0.746 163.059

Means within a column with the same letter are not significantly different at 5% Fisher’s protected L.S.D
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Table 4.2: Mean concentration of N, P and K of the different concentrations of experimental fish tank effluent

Effluent Concentration (ml/L) N (%) P (%) K (%)
Oml 0.02 £0.012 0.01 + 0.00? 0.01 +£0.002
100ml 0.02 + 008 0.03 +0.01% 0.04 +0.01%
200ml 0.38 +0.09° 0.04 +£0.01° 0.06 +0.01
400ml 0.43 +0.09° 0.06 + 0.01° 0.08 +0.01°

P.Value 0.027 0.003 0.007

D.F 3 3 3
L.S.D (5%) 0.258 0.020 0.034

Means within a column with the same letter are not significant different at 5% Fisher’s protected L.S.D
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4.2 Effect of fish tank effluent Concentrations on growth of the bulb onion

Plant height: Fish tank effluent concentration did not significantly (P > 0.05) affect
mean bulb onion plant height in all weeks after transplanting (Figure 1). Generally,
mean plant height in all fish tank effluent concentrations increased exponentially
from 2 WAT to 10 WAT. From the 10 WAT mean plant height in plants treated
with 200ml/L decreased in other effluent concentration increased at a decreasing
rate up to the final week (12WAT) (Figure 1). At the final week after transplanting
(12 WAT), the highest mean plant height was observed in onion bulb plants treated
with 400ml/L of fish tank effluent concentration while the lowest was obtained in

Oml/L (Figure 1).
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Figure 1: Mean height of bulb onion plant under different fish tank effluent
concentration over a twelve-week period after transplanting. (2WAT; P = 0.469,
LSD =1.219; 4WAT P = 0.752, LSD = 3.580; 6WAT P = 0.402, LSD = 3.975;
8WAT P = 0.273, LSD = 4.051; 10WAT P = 0.316, LSD = 7.016; 12WAT P =

0.073, LSD = 3.764)

Number of Leaves: Fish tank effluent concentration did not significantly (P > 0.05)
affect average number of leaves at all sampling accessions at 2, 4, 6, 8, 10 and 12
WAT (Figure 2). Generally, mean number of leaves increased steadily from 2 to 10
WAT. After 10 WAT, it continued to increase but at a decreasing rate in onion plants

treated with 200 ml/L and Oml/L. On the other hand, the mean number of leaves
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started decreasing in plants treated with 100 ml/L after the 10 WAT 400 ml/L
(Figure 2). The highest mean number of leaves was recorded in plants treated with

200 ml/L and the lowest was in 0 ml/L at 12 WAT (Figure 2).
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Figure 2: Mean number of bulb onion Leaves under different fish tank effluent
concentration over a twelve week period after transplanting. (2WAT; P = 0.190,
LSD = 0.201; 4WAT P = 0.439, LSD = 0.383; 6WAT P = 0.232, LSD = 0.465;
8WAT P = 0.200, LSD = 0.529; 10WAT P = 0.046, LSD = 0.804; 12WAT P =

0.849, LSD = 1.228)

Leaf Area: Fish tank effluent concentration did not significantly (P < 0.05) affect
mean leaf area in all weeks after transplanting. Generally, mean leaf area of bulb
onion plants increased steadily from the time of data collection (2 WAT) up to 10

WAT (Figure 3). Mean Leaf area under bulb onion plants treated with 100ml/L
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decreased while in other effluent concentration increased at low rate up to final week
after transplanting (12WAT). At the final week (12 WAT), the highest mean leaf
was observed in plots treated with fish tank effluent concentration of 400 ml/L and

the lowest was obtained in Oml/L (Figure 3).
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Figure 3: Mean Leaf Area of bulb onion under different fish tank effluent
concentration over a twelve week period after transplanting. (2WAT; P = 0.120,
LSD =1.470; 4AWAT P = 0.82, LSD = 3.430; 6WAT P = 0.436, LSD = 7.233;
8WAT P =0.473, LSD = 0.10.417; 10WAT P = 0.423, LSD = 13.892; 12WAT P =

0.474, LSD = 12.63)

Senescence: Fish tank effluent concentration significantly (P < 0.05) affected mean
senescence at 4WAT while a non-significant (P > 0.05) effectin 2, 6, 8 and 12 WAT

(Figure 4). There was unstable relatively constant mean senescence of leaves from
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2to 8 WAT. After the 8 WAT, mean senescence increased rapidly up to 10 WAT in
all concentrations of fish tank effluent concentration. From the 10 WAT to the final
week (12 WAT) mean senescence in onion bulb plants treated with 100ml/L and 0
ml/L decreased at a low rate. There was a low increase at a decreasing rate of mean
leaf senescence in onion bulb plants treated with 400ml/L and 100ml/L (Figure 4).
The highest mean senescence of leaves was observed in plots treated with 400 ml/L

while the lowest was seen in Oml/L (Figure 4).
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Figure 4: Mean Leaf Senescence of bulb onion under different fish tank effluent
concentration over a twelve-week period after transplanting. (2WAT; P = 0.964,
LSD = 0.076; 4WAT P = 0.009, LSD = 0.214; 6WAT P = 0.123, LSD = 0.314,
8WAT P = 0.738, LSD = 0.457; 10WAT P = 0.596, LSD = 0.500; 12WAT P =

0.170, LSD = 0.715)
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Biomass: Fish tank effluent concentration affected mean biomass significantly (P <
0.05) in the 2 WAT but not significant (P > 0.05) in the 4, 6, 8, 10 and 12 WAT
(Figure 5). Generally, mean biomass of bulb onions increased rapidly from 2 WAT
up to 10 WAT in all concentrations while mean biomass for plants treated with 100
ml/L and 200 ml/L increased gradually from 2 WAT up to 10 WAT. From the 10
WAT, mean biomass in plots treated with 100ml/L increased at a decreasing rate
while in other concentrations it kept on increasing steadily up to the final week 12
WAT (Figure 5). At the final week (12 WAT), the highest mean biomass was
obtained in bulb onion plants treated with 200 ml/L while the lowest was obtained

in Oml/L (Figure 5).
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Figure 5: Mean biomass of bulb onion under different fish tank effluent
concentration over a twelve-week period after transplanting. (2WAT P = 0.005,

LSD = 0.134; 4WAT = 0.173, LSD = 0.661; 6WAT P = 0.072, LSD = 1.965;
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8WAT P = 0.063, LSD =5.674; 10WAT P = 0.077, LSD = 12.063; 12WAT; P=
0.117, LSD = 14.035)

4.3 Effect of Fish Tank Effluent Concentration on yield of the bulb onion

Bulb height: Fish tank effluent concentration affected mean bulb height
significantly (P < 0.05) (Table 4.3). Mean bulb height varied among effluent
concentration with the highest recorded in plots treated with 400 ml/L and the lowest

in 100 ml/L (Table 4.3).

Table 4.3: Mean Bulb Height under different fish tank effluent concentrations

Effluent Concentration (ml/L) Mean Bulb Height(x S.E) (cm)
0 541 +0.15%
100 5.25+0.14%
200 5.52 +0.14%
400 5.88 +0.14°
P. Value 0.004
Df 3
LSD (5%) 0.342

Means with the same letters within a column are not significantly different at 5%

Fishers protected L.S.D
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Bulb Diameter: The findings of the study revealed that fish tank effluent
concentration did not significantly (P > 0.05) affect mean bulb diameter. Mean bulb
diameter varied among effluent concentration (Table 4.4). The highest mean bulb
diameter was observed in plots treated with 400 ml/L while the lowest was observed

in plots treated with 100 ml/L

Table 4.4: Mean Diameter of bulb onion under different Fish Tank Effluent

Concentrations

Effluent Concentration (ml/L) Mean Bulb Diameter (£ S.E) (cm)
0 6.89 £ 0.272
100 6.65 + 0.222
200 7.09 £0.292
400 7.16 £0.282
P. Value 0.264
Df 3
LSD (5%) 0.555

Means with the same letters are statistically not significantly different at 5%

Fisher’s protected L.S.D

Yield: Fish tank effluent concentrations significantly (P < 0.05) affected mean yield

of bulb onions (Table 4.5). The yield varied among effluent concentration. The

41



highest mean bulb yield was from plots treated with 200 ml/L whereas the lowest

was from plots treated with 0 ml/L (Table 4.5).

Table 4.5: Mean Yield of Bulb Onion under different Fish tank effluent

Concentrations

Effluent Concentration (ml/L) Mean Bulb Yield(zx S.E)(t/ha)
0 14.49 £ 1.22°
100 19.87 +1.38%
200 26.84 + 0.69°
400 23.73 £ 2,53
P. Value 0.001
Df 3
LSD (5%) 4.643

Means with the same letters within a column are not significantly different at 5%

Fishers protected L.S.D

Harvest Index: Findings of the study revealed that fish tank effluent concentration
significantly (P < 0.05) affected mean harvest index (Table 4.6). Generally, mean
harvest index varied among effluent concentration with the highest recorded from

plots treated with 400 ml/L while the lowest from the control (Table 4.6).
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Table 4.6: Mean Harvest Index (HI) obtained under different Fish tank

effluent Concentrations

Effluent Concentration (ml/L) Mean Harvest Index
0 0.60 + 0.022
100 0.72 £ 0.05
200 0.65 + 0.02%
400 0.69 + 0.01%
P. Value 0.019
Df 3
LSD (5%) 0.078

Means with the same letters within a column are not significantly different at 5%
Fisher’s protected L.S.D
4.4 Gross margin of fish tank effluent concentrations in the production of

bulb onion

Findings of the study revealed that gross margin of bulb onion plants treated with
fish tank effluent concentration was above 50%. The highest gross margin was
observed in plots treated with 200 ml/L while the lowest was obtained in plots

treated with Oml/L (Table 4.7).
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Table 4.7: Gross margin of fish tank effluent concentrations in the production of the bulb onion

Fish tank Effluent Concentration (ml/L)

Description 0 100 200 400
Output (kg/) 14,490 19870 26840 23730
Price/ Kg (Ush) 2500 2500 2500 2500
Revenue (A) 36,225,000 49,675,000 67,100,000 59,325,000
Costs

Seed 4kg @ Ush 112,000 448,000 448,000 448,000 448,000
Effluent (Ush) 0 3,000,000 6,000,000 12,000,000
Labour (Ush) 12,500,000 12,500,000 12,500,000 12,500,000
Total Cost (B) 12,948,000 15,948,000 18,948,000 24,948,000
Gross Margin / Profit = (A-B) 23,277,000 33,727,000 48,152,000 34,377,000
Gross Margin % (A-B)/A x 100% 64.26 67.90 71.76 57.95
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CHAPTER FIVE

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 Discussion

5.1.1 Physico-chemical properties of fish tank effluent

The pH in fish tank effluent concentration varied significantly. The highest (8.49 +
0.06) pH was recorded in 0 ml/L while the lowest (6.56 + 0.30) was registered in
400ml. Findings of the current study revealed that as effluent concentration
increases, the pH decreases. According to the results, the pH of the effluent alone
might have been acidic due to high concentration of ammonia from the decomposed
fish droppings, remains of dead fish, rotten food which was not eaten by fish and
decomposing planktons in fish tanks. Therefore, the dilution of fish tank effluent
with tap water decreased the pH by making it acidic. Findings of the current study
are in line with that of Cristovédo et al. (2015) who reported that the desirable pH
range for fish tank effluent is 6.5 — 9.5 while the acceptable range is 5.5 — 10.0. on
the contrary, the findings of this study were in disagreement with Kabeto et al.
(2020) and Onuorah et al. (2022) noted that pH of fish effluent was higher than tap

water (treatment O ml/L).

The electro conductivity in effluent concentration significantly varied. The highest
EC (559.00 + 0.00 puS/cm) was observed in 400 ml/L of fish tank effluent while the
lowest (191.30 = 0.06 uS/cm) was observed in 0 ml/L. The findings of the current
study revealed that the highest concentration of fish tank effluent had a lot of mineral

solutes compared to other concentrations. The highest EC in fish effluent could be
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attributed to presence of minerals released due to decomposition of dead remains of
fish, fish droppings, fish feed concentrates, lime materials such as calcium carbonate
and weathered stones and plant materials which were added in fish tanks as fish
feeds. Therefore, as dilution of the effluent increases the electro conductivity
decreases. The findings of the current study is in accordance with Onuorah et al.
(2022) and Rodrigues et al. (2019) who reported that the electro-conductivity in fish
effluent is due to concentration of mineral nutrients from feeds, liming materials and

decomposing planktons.

The Total Dissolved Solutes (TDS): Total Dissolved Solutes in fish tank effluent
concentration significantly varied. The highest (368.33 + 0.33 mg/l) TDS was
registered in 400 ml/L of fish tank effluent while the lowest (125.58 £ 0.16 mg/l)
was in Oml/L. The presence of total dissolved solutes in effluent concentrations
could be due to mineral solutes from fish feeds such as concentrates which were fed
on the fish and later released as droppings, also fish feed which was not consumed
by the fish and settled at the ground of fish tanks. Therefore, the highest
concentration of fish tank effluent had more mineral solutes compared to zero
effluent. The findings of the study is in consistent with that of Onuorah et al. (2022),
who found that the total dissolved solids in fish pond effluent were higher than in
unpolluted water. Rodrigues et al. (2019) argued noted that farmers supplement

pond nutrients with food to raise total dissolved solids.

The Total Suspended Solids (TSS) in effluent concentration significantly varied.
400 ml/L had the highest total suspended solids (5033.33 £ 33.33 mg/l) while the

lowest (200.33 + 0.114mg/l) was observed in 0 ml/L effluent concentration. The
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highest total suspended solids could be attributed to accumulation of organic
materials from fish droppings, unconsumed food by the fish and planktons in fish
tanks. Therefore, fish effluent contained organic materials which may be rich in
nutrients for crop growth compared to 0 ml/L (tap water alone) with the lowest total
suspended solids. The findings of the study is in support with that of Onuorah et al.
(2022) who reported that the total suspended particles of the effluent sample were
higher than those of tap water. Tiwari and Pal. (2022) reported that the suffocated
and dead living organisms in pond water increase organic matter content hence an
increase in total suspended solids. Anyanwu and Solomon, (2015) also reported

similar findings.

Generally, all fish tank effluent concentrations and control treatment had N, P and
K at varying concentrations. The highest (0.43 £ 0.09%) concentration of N was in
400 ml/L while the lowest (0.02 + 0.01%) was in Oml/L. The highest (0.06 + 0.01%)
concentration of P was in 400 ml/L whereas the lowest (0.01 + 0.00%) was in 0
ml/L. The highest (0.08 + 0.01%) concentration of K was in 400 ml/L while the
lowest (0.01 = 0.00%) was in Oml/L. Results of the current study indicated that
presence of N, P and K in fish effluent concentrations could be coming from the
decomposed fish droppings, planktons in fish tanks and nutrients from fish

concentrates which were supplied to fish as food.

The findings of the current study concur with that of Onuorah et al. (2022) who
stated that fish effluent had more total nitrogen, phosphorus, than tap water.
Similarly, Zhang et al. (2020) reported that organic fertilisers contain high levels of

nitrogen that stimulates chlorophyll biosynthesis process. Relatedly, Zhang et al.
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(2020) noted that Organic fertilisers such as vermi-compost and cow manure contain
high levels of nitrogen. Findings of the current study are in line with Oni et al. (2013)
who stated that fish pond effluent contains phosphorus. In their study, Onuorah et
al. (2022) also found that the mean phosphate value was higher in effluent sample
than unpolluted soil. The current study findings is in agreement with Goggi, (2022)
who noted that fish effluent sediment contain higher concentration of potassium
compared to control.

5.1.2 Effect of fish tank effluent concentration on growth of bulb onion

Plant height: The results of the current study indicated that at the final week (12
WAT), the tallest plants were recorded in plots treated with 400 ml/L while the
shortest were in the control plots. The tallest bulb onion plants might be attributed
to sufficient total dissolved solutes, nitrogen, and water from 400ml/L fish tank
effluent concentration which is involved in the synthesis of nucleic acids and amino
acids, which are necessary for cell division hence an increase in bulb plant height
compared to plants treated with Oml/L. The findings of the study is in line with Kaab
et al. (2020) and Metwally (2021c) who noted that fish pond effluent provides water

and supplies plant growth nutrients compared to places where it is not applied.

Number of onion bulb leaves: Generally, mean number of leaves did not
significantly vary among effluent concentrations over time. However, mean number
of leaves was highest in plots treated with 200 ml/L while the lowest was in 100ml/L
fish tank effluent at the final week after transplanting. This could be attributed to
readily available nitrogen and water from fish tank effluent which is involved in the

synthesis of nucleic acids and amino acids necessary for cell division thus increased
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growth of leaves compared to sole application. Findings of the current study is in
line with Kaab et al. (2020) who stated that fish pond effluent provides water and
nutrients for growth of vegetable leaves. On the other hand, the present findings
disagree with Akindele et al. (2022) whose study revealed that highest number of
leaves were recorded in the treatment with the highest percentage of fish pond

effluent.

Leaf Area: Generally, fish tank effluent concentrations did not affect leaf area of
bulb onion plants significantly. At the final week after transplanting plots treated
with 400 ml/L had the highest leaf area (50.87 + 5.25cm?) and lowest (42.12 +
4.91cm?) was obtained from Oml/L. This could be attributed to sufficient nitrogen,
which increased cell division thus increased leaf area for higher photosynthesis to
take place compared to Oml fish tank effluent leaf area. The results of the current
study is in agreement with Fruscella et al. (2023) who noted that application of
highest concentration of fishpond effluent increased leaf area development hence a

large leaf area of leaves for photosynthesis.

Senescence: Mean senescence of bulb onion leaves was not significant among fish
tank effluent concentration at the final week (12 WAT). Mean senescence was
highest in plots treated with 400 ml/L and lowest in plots treated with Oml/L. this
implied that 4ml/L might be attributed to highest pH (6.56 £ 0.30) and total
dissolved solutes (368.33 + 0.33 m/L) which caused acidic conditions in the soil
thus causing senescence of bulb onion leaves at a highest rate compared to any other

effluent concentration.
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Biomass: Mean biomass was not significant among fish tank effluent concentrations
in all weeks after transplanting. The highest mean biomass (68.18 + 5.82g) was
obtained in plants treated with 400 ml/L of fish tank effluent and the lowest (52.75
+ 5.38g) biomass was obtained in Oml/L respectively. This could be attributed to
presence of adequate nitrogen, phosphorus and potassium in fish tank effluent
concentration, which enhanced cell division and development of large and heavy
bulbs hence development of highest bulb biomass. Findings of the study is in
agreement with Kaab et al. (2020) whose study revealed that fish effluent
significantly increased fresh and dry weight of shoot and roots thus a high biomass
of vegetables. Zohry et al. (2022) noted that fish pond effluent improves soil fertility
which might have caused growth of high biomass in plots treated with 400ml/L, 200
ml/L and 100 ml/L compared to O ml/L.

5.1.3 Effect of fish tank effluent concentration on yield of bulb onion

Bulb height: Fish tank effluent concentration significantly affected mean bulb
height. The highest (5.88 + 0.14cm) and lowest (5.41 = 0.15cm) mean bulb onion
height was observed in plots irrigated with 400 ml/L and 100 ml/L. The highest
mean bulb height could be due to excess nitrogen and potassium from fish tank
effluent which increased vegetative growth of leaves thus increased assimilate
production and allocation to bulb height. Findings of the current study is in line with
Limbu et al. (2017) and Jayathilake et al. (2002) whose studies revealed similar

results that high rate of organic matter increased yield bulb components.

Bulb diameter: Mean bulb diameter was not significant among fish tank effluent

concentration. The highest (7.16 = 0.28cm) mean bulb diameter was observed in
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plots irrigated with 400ml/L and the lowest (6.65 + 0.22cm) was obtained in plots
treated with 100 ml/L. The highest bulb diameter in plots treated with 400ml/L could
be attributed to nitrogen and potassium in effluent concentration, which increased
growth of many leaves that participated in the manufacture of carbohydrates and
was translocated into development of widest bulb diameter compared to other
treatments. Results of the current study were in line with Soliman et al. (2020) who
stated that high rate of farmyard manure provided growth and yield nutrients that
increased bulb diameter. Limbu et al. (2017) in there study revealed similar results

that high rate of fish pond effluent increases onion bulb diameter.

Bulb onion Yield: Mean bulb onion yield was significant among fish tank effluent
concentration. The highest (26.84 = 0.69 t/ha) mean bulb onion yield was obtained
in plots treated with 200 ml/L while the lowest (14.49 +1.22) in Oml/L. The highest
bulb onion yield could be attributed to sufficient potassium pH, EC, TDS, TSS and
water from effluent concentration of 200 ml/L unlike Oml/L had less yield nutrients
thus lowest yield. The highest yield in trial two, could also be attributed to adequate
yield nutrients in 100 ml/L of effluent concentration unlike Oml/. The findings of
the study is in line with Abdelraouf, (2017) whose study revealed a significant
increase in crop yields when crops are irrigated with fish effluents. Metwally et al.
(2021c) reported higher yields in Oregano in both aquaponics and hydroponics.
Similarly, Coldebella et al. (2017) noted an increase in tomato yield when watered
with fish effluent compared to zero irrigation, while Limbu et al. (2017) observed

comparable results in barley.
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Harvest Index: Fish tank effluent concentration significantly affected mean harvest
index. The highest (0.72 £ 0.05) in plots treated with 200ml/L while the lowest (0.60
+ 0.02) was from Oml/L. The highest harvest index might be attributed to sufficient
essential growth nutrients especially nitrogen, phosphorus and potassium from fish
effluent concentration which increased the synthesis of chlorophyll and amino acids
hence resulting to more translocation of photosynthesis from leaves to bulb and
causing an increase in bulb weight thus highest harvest index. The results of the
study were in accordance with Gebretsadik and Dechassa, (2016) who noted that
application of farmyard manure at a high rate resulted into the highest harvest index

compared to control.

5.1.4 Gross margin of fish tank effluent concentrations in the

production of the bulb onion

The results of the present study indicated that 200 ml/L of fish tank effluent
concentration contributed to production of bulb onions which resulted into a highest
percentage (71.76%) of gross margin followed by 100ml/L, OmI/L and 400ml/I
(67.90, 64.26 and 57.95). The differences in gross margin among fish tank effluent
concentration could be attributed to differences in amounts of physico-chemical
properties such as (N, P, K, TDS, TSS and electrical conductivity) and costs of

production like fish tank effluent.

Findings of the study were in line with Getu et al. (2017) who noted that fish effluent
can be used in the production of onions hence reduces the cost of artificial fertilizer

as well as managing the farming with less amount of water thus high gross margin.
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Findings of the current study is also in line with Abdel et al. (2018) whose study
revealed that fishpond water as the sole source of fertilization rather than chemical
fertilizers significantly increases net income of onion estimated at about U$
662.49/ha in Egypt. Khatun et al. (2022) reported that fish pond water contains
nitrogen, phosphorus and potassium which increases growth and yield of bulb
onions thus highest income compared to zero application.

5.2 Conclusions

Physico-chemical properties of fish tank effluent in the different concentrations of
100ml/L, 200ml/L, 400ml/L and Oml/L (treatment) determined included; pH, EC,
TDS, TSS, N, P and K. The physicochemical properties in the different

concentrations were significant.

The effect of fish tank effluent concentration on growth parameters (plant height,
number of leaves, leaf area, leaf senescence and biomass of bulb onion). Fish tank
effluent concentration did not significantly affect all growth parameters at final

week 12 WAT.

Effect of fish tank effluent concentration on yield parameter of bulb onion (Yield,
Harvest Index, bulb height and diameter). Fish tank effluent concentration
significantly affected mean yield of bulb onions, bulb onion height, harvest index

did not significantly affect bulb diameter.

Effect of fish tank effluent concentration on Gross margin of bulb onion. All fish

tank effluent concentrations had varying effect on gross margin of bulb onion yield.
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5.3 Recommendations

e Fish tank effluent especially at the concentration of 400 ml/L is highly
recommended as a bio-fertilizer soil amendment for improvement of soil

properties due to the richness in physico-chemical properties.

e Fish tank effluent at concentration of 200 ml/L is highly recommended for

better bulb onion growth and yield

e Bulb onion farmers should use 200ml/L of fish tank effluent concentration

in order to earn high income because it had the highest gross margin

e Further studies should be undertaken involving fish effluent from different
types of aquaculture systems to establish the best source of nutrients for

growth and yield of bulb onions as well as improved soil health.
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