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Abstract

Aquaponics, a bio-integrated system that links aquaculture with agriculture appear to be an
excellent way of disposing aquaculture wastewater, saving water, and providing liquid
fertilizers to agricultural crops. This study was carried out to evaluate aquaculture wastewater
performance on two vegetable (Celosia argentea and Corchorus olitorius) compared with
production using poultry manure. Two treatments were used in the production of the two leafy
vegetables between March and May, 2015. Aquaculture waste was manually collected from

the culture of Heteroclarias, the hybrid of {Clarias gariepinus (Q ) x Heterobranchus

bidorsalis (G) (CG X HB)} and supplied to the crops (Treatment 1). The second group
(Treatment 2) was grown using poultry manure which was constantly mixed with tap water
before application and the control was grown using only tap water. All plants were grown in silt
soil — no nutrient. Growth parameters of the plants were measured at harvest to examine the
effects of each treatment. Statistical analysis showed no significant difference (p>0.05) in
growth rates of Corchorus olitorius for both treatments (aquaponics and poultry manure) buta
significantly (p<0.05) higher growth rate in aquaponics than poultry manure system in Celosia
argentea production. The study showed that Celosia argentea and Corchorus olitorius may be
grown in an aquaponic system at rates comparable to conventional vegetable (crop) production
(using poultry manure), as long as fish stocking densities are high enough.

Keywords: Aquaponics, Leafy vegetables, Celosia argentea and Corchorus olitorius

Introduction

The world's population is continually growing by
approximately 74 million people per year which
will ultimately demand that we use more
environmentally friendly farming technologies to
protect the earth's resources and ecosystems that
we depend on for life (Michael and Rachel,
2014). The geometric increase in the world

population has also brought about the global
increase in demand for food. The sharp increases
in food prices that occurred in global and national
markets in recent years, and the resulting increases
in the number of hungry and malnourished people,
have sharpened the awareness of policy-makers
and of the general public to the fragility of the
global food system. There is global concern about
how future generations will produce more food
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sustainably thus putting pressure on agriculture
production. However, agriculture has substantial
environmental impact on resources while the
conversion of natural land toagriculture; nutrient
leaching and the use of chemicals are all serious
issues (Tillman et al.,2002).

Aquaculture is a subsector in food production.
However, the intensive practice of aquaculture
generates substantial amount of effluent,
containing uneaten feed and feces. It is essential
that nutrients from aquaculture wastewater should
be removed in order to protect receiving water from
eutrophication and for potential reuse of the treated
water. The integration of aquaculture with agri-
culture appears to be an excellent way of saving
water, disposing aquaculture wastewater and pro-
viding fertilizer to the crop (Read and Fernandes,
2003; Endut et al., 2011). Aquaculture in Nigeria
consists largely of intensive and semi-intensive
culture systems where water quality is largely
maintained within acceptable limits through
frequent water exchanges. This fish farming
practices requires access to plenty of good quality
water from bore-holes, streams and rivers. The
discharge of untreated aquaculture wastewater
contaminates the environment and the receiving
water bodies, spreading infections that cause
disease outbreaks. There is urgent need for
remediation of aquaculture wastewater through
aquaponics which is a bio-integrated food
production system. Lucas and Southgate (2003)
opined that whilst the majority of the discharged
compounds from aquaculture are not lethal, it is
beneficial to keep levels low as the effects on
human health of eating fish and vegetables in
nutrient laden water are not entirely understood.

Adleretal.,(2000) stressed the importance of
remediation of aquaculture wastewater most
especially in many areas of the world where water
is a limited resource. Aquaponics, known as the
integration of hydroponics with aquaculture is
gaining increased attention as a bio-integrated
food production system. Here nutrient rich
effluent from fish tanks is used to fertigate plant
production beds (Endut ez al, (2011). The primary
goal of aquaponics is to reuse the nutrients
released by fish to grow crop plants. This
integrated culture systems promote nutrient

recycling and aquaculture-agriculture yields so
they are more environmentally sustainable than
most traditional farming practices which have
resulted in wide spread of soil erosion, desertification
and pollution in Asia and Africa. (Bakhsh, 2008).

Aquaponics system has been examined over
the past decades with a wide variety of system
designs, plant and animal species and experimental
protocols efficiencies (Endut ef al., 2011). It is just
like a natural ecosystem combining plants, soil,
bacteria, substrates and fish wastewater to enhance
physical, chemical and bacteriological procedures
that are naturally available in the root zone of the
plants. Results emanating from this showed
efficient use of resources, reduction in the risk of
total crop failure, additional sources of food, extra
income and reduction of operational cost for
farmers than fish culture alone (Rakocy et al,
2006; Snow and Ghaly, 2008 and Endut et al,
2011).

In Nigeria, most of the vegetable plant growers
use poultry manure and little or no inorganic
fertilizers in growing their vegetables (Olaniyan et
al., 2006). However, with the growing trend of
diseases emanating from the poultry, it is imperative
for the vegetable plant growers to look for
alternative ways of fertilizing the production beds of
the vegetables in order to prevent the spread of
diseases from the poultry (Lucas and Lawani,
1985). The objectives of this research was to find out
if aquaculture wastewater taken from the culture of
Heteroclarias, the hybrid of (Clarias gariepinus
(R) x Heterobranchus bidorsalis (G') (CG X HB)
contained enough nutrients to sustain plant growth
and to compare growth rates of both vegetables
(Corchorus olitorius and Celosia argentea) grown
using poultry manure.

Materials and Methods

This study was carried out in the concrete tanks
outside the Fish Hatchery Complex of the
Department of Fisheries, Lagos State University,
Ojo, Lagos State, Nigeria with the dimension 4m
long by 1.5m wide and 1m deep, and in the Green
House in the Botanical garden (plant culture) of
Lagos State University between 10" of March to
15" of May, 2015.



Experimental Procedure

Collection of Experimental Fish
A total of 750 fingerling of the hybrid of Clarias

gariepinus (@ ) X Heterobranchus bidorsalis

(G )[Heteroclarias] (mean weight 7.5 £ 1.5g)
used to generate the aquaculture waste in this
study were obtained from the Hatchery Complex
of the Department of Fisheries, Lagos State
University, Lagos State, Nigeria. The fish were
hand fed two times daily, with floating pellet of
compounded feed containing 45% crude protein
prepared by using the following ingredients; fish
meal (15.8%), soybean meal (59.4%), yellow
maize (18.2%) , blood meal (5.1%) vegetable oil
(1.0%), and vitamin premix (0.5%) at 3% of their
body weight based on the recommendation of
Viveen et. al, (1986). The feed size was adjusted
to compensate for changes in the fish size as the
fish grows. The amount of food dispensed (kg) to
the fish stocked in the experimental tank were
adjusted bi-weekly by sub-sampling the
population of the fish species in order to reflect
the fortnightly increase in biomass using the
following:

W,= W, +(WoxF/C) (Stickney, 1979).
Where W, is the weight of the fish at day 1, Wo is
the weight of the fish at day zero, F is the
percentage feeding rate and C is the food
conversionratio (FCR).

FCR=Feed fed/ Weight gain

Plant Culture

The Corchorus olitorius L. (Common names: Jew's
Mallow, Wildjute,) seedlings were directly sown in
plastic bowls, two seeds per hole evenly spaced at 3-
Scm apart. Seeds of Celosia argentea L. (Common
names plumed cockscomb, spinach) were sown in
plastic bowls, two seeds per hole with evenly
spaced at 5-6 cm apart (Ilodibia et al., 2016;
Nyadanuetal.,2016).

Treatments

Bowls 1 — 5 were filled with silt (media) which
contain no nutrient. The Corchorus olitorius
seedlings were directly sown in the media. The
plants were watered manually two times daily
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with aquaculture wastewater at 08.00 am and 16.00
pm.

Bowls 6 and 7 were filled with silt (media)
mixed with poultry manure. Corchorus olitorius
seedlings were directly sown in the media with
poultry manure. The plants were watered manually
two times daily with ordinary tap water at 08.00 am
and 16.00 pm.

Control of Treatment 1

Bowls 8 and 9 (which served as the control for the
first treatment) were filled with silt (media) with
no nutrient. Corchorus olitorius plants were
planted in the media using the method described
above. The plants were watered manually two
times daily with ordinary tap water at 08.00 am
and 16.00 pm.

Bowls 10 — 14 were filled with silt [media]
which contain no nutrient. Celosia argentia seeds
commonly called spinach were sown in plastic
bowls, two seeds per hole with evenly spaced at 5-
6 cm apart. The plants were watered manually two
times daily with aquaculture wastewater at 08.00
amand 16.00 pm.

Bowls 15 and 16 were filled with silt [media]
with poultry manure Celosia argentea seeds
commonly called spinach were sown in plastic
bowls, two seeds per hole with evenly spaced at 5-
6 cm apart. The plants were watered manually two
times daily with ordinary tap water at 08.00 am
and 16.00 pm.

Control of Treatment 2

Bowls 17 and 18 (which serve as the control for
the second treatment) were filled with silt (media)
with no nutrient. Celosia argentea plants were
planted in the media using the method described
above. The plants were watered manually two
times daily with ordinary tap water at 08.00 am
and 16.00 pm.

Nutrient Supply

Jute plant (Corchorus olitorius) inbowls 1 —5 and
Spinach (Celosia argentea) inbowls 10— 15 were
supplied with aquaculture wastewater manually
by first draining the fish wastewater into two 15
liter buckets and taking into the green house in the
Botanical Garden of Lagos State University. The
plant species (Corchorus olitorius and Celosia
argentea) were supplied with aquaculture
wastewater twice daily 08.00 am and 16.00 pm.
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Monitoring and data collection

The key variables of concern in this study are plants
growth and yield as well as water quality
parameters of the culturing tank. During the
germination period, seeds germination and seedlings
height (parameters) were observed and recorded
daily. However, the following parameters were
measured at harvest; plant fresh weight (g); plant
dry weight (g), plant height (cm), no. of leaves,
total leaf length (cm), leaf blade length (cm),
petiole length (cm), leaf width (cm) and

stem Girth (cm).

Assessment of water quality parameters

Water quality data monitored during the study
period included temperature, dissolved oxygen,
pH, and total ammonia-nitrogen. Temperature
was monitored with a simple mercury—in-glass
thermometer graduated in 0.01°C. Dissolved
oxygen was normally measured between 0700-
0800 hours using Lutron Dissolved Oxygen Meter
- DO-5509 and further authenticated by alkaline-
azide — modification of Winkler's method (Boyd,
1981). pH values were determined using a Jenway
PHS-25 pH meter, while total ammonia-nitrogen
were determined by the standard methods as
described by Boyd (1981).

Data Analyses

Growth performances of the two vegetable species
(Corchorus olitorius and Celosia argentea) were
determined and expressed as mean % standard
deviation. Data analyses were performed using
statistical package for the social sciences (SPSS),
Version 16 with level of significance set at 0.05
(significance at P < 0.05). Mean values of plant
growth rate, plant yield between treatments were
tested with two-way ANOVA. If there were
significant difference at 0.05, then Duncan
multiple comparison test was used to compare
means in order to identify significant difference
between treatments.

Results
Water Quality Parameters

The pH ranged between 6.8 and 7.9 with a mean
of7.3£0.17. Temperature ranged between 25 and

27°C with a mean value of 26+0.28. Dissolved
oxygen ranged between 6.5 and 7.6 mg/l with a
mean value of 7.0+0.17 mg/L, Dissolved Carbon-
dioxide ranged between 6 and 9.0 mg/L, mean
value of 7.16 + 0.48. Total ammonia-nitrogen
ranged between 0.01 and 0.04 mg/L, with mean
value of 0.025 + 0.004. Calcium hardness ranged
between 20mg/L and 25mg/L with mean value of
22.5+0.25.

Plant Growth

After 3 and 4 days, the radicles of Celosia argentea
and Corchorus olitorius had broken through the
seed coats respectively and were visible on 80-
85% of the seeds. During germination periods, the
plant seedlings in all growing bowls grew rapidly
and fairly uniform and appeared healthy and green
in colour. Atthe end of the germination periods, the
spinach (Celosia argentea) and Jew Meadow
(Corchorus olitorius) were approximately 52cm
and 36cm in height for both vegetables
respectively. All the vegetables in all the bowls
(replicates) grew quickly and seemed healthy with
no signs of any nutrient deficiency syndromes or
toxic effect during the growth periods. At the end
of the growth period, the spinach (Celosia
argentea) and Jew Meadow (Corchorus olitorius)
plants reached market size of 45 — 50 cm and 30 —
35 cm respectively. The results of plant growth in
terms of plant height for both crops are shown in
Table 1 and Figures 1 and 2.

Number of Leaves:

The number of leaves for Celosia argentea gave a
mean and standard deviation value of 80.6+12.70
for aquaculture wastewater treatment with
minimum and maximum value of 99 and 65,
62.5+4.95 for poultry manure treatment minimum
and maximum value of 66 and 59 and 21.5+4.95
for control minimum and maximum value of 25
and 18. However, there was no significant
difference between the number on leaves of the
aquaculture wastewater treatment and poultry
manure treatment, however, both showed
significant differences from that of the control
(Table 1).
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Table 1: Growth parameters (mean+SD) of spinach (Celosia argentea)

Characteristics Treatments
Aquaculture
wastewater Poultry Manure Ordinary water

(Treatment 1) (Treatment 2) (Control)
No. of Leaves 80.6+12.70° 62.5+4.95° 21.5+4.95°
Leaf Width 5.08+0.54° 3.64+1.07° 0.68+0.23°
Total Leaf Length 12.06£1.66" 9.26+1.21° 1.96+0.16°
Leaf Blade Length 9.10+1.18" 6.98+0.66" 1.70+0.27¢
Petiole Length 2.96+0.55" 2.284+0.69" 0.36+0.27°
Plant Height 33.36+5.84° 25.39+6.29° 8.15+0.65"
Stem Girth 3.3240.40" 2.560.42" 1.23+0.44°
Wet Weight 22.68+10.16% 10.53+7.28% 2.76+1.07°
Dry Weight 7.03+3.56" 1.42+1.17% 0.79+0.56"

“*Values showing the same letter are not significantly different from each other (P=0.05, DMR)

Number of leaves for Corchorusolitorius gave a
mean and standard deviation value of 66.20+9.98
for aquaculture wastewater treatment with
minimum and maximum value of 69 and 51,
85.5+13.44for poultry manure treatment
minimum and maximum value of 95 and 76 and
20.00+1.44for control minimum and maximum

value of 21 and 19. However, there was no
significant difference between the number on
leaves of the aquaculture wastewater treatment and
poultry manure treatment, but both showed
significant differences from that of the control
(Table2).

Table 2: Growth parameters (mean+SD) of Jew Meadow (Corchorus olitorius)

Characteristics Treatments
Aquaculture
wastewater Poultry Manure Ordinary water
(Treatment 1) (Treatment 2) (Control)
No. of Leaves 66.20+9.98" 85.5+13.44° 20.00+1.41°
Leaf Width 8.384+2.09" 7.78+1.69° 1.38+0.37°
Total Leaf Length 13.4242.97" 11.84+1.71° 2.00£0.19°
Leaf Blade Length 9.82+2.42° 7.84+1.03* 1.5440.42°
Petiole Length 3.60+1.36" 4.00+0.74" 0.50+0.35"
Plant Height 40.66+13.23" 48.15+£14.09° 10.86+1.51°
Stem Girth 2.56+0.60° 2.60+0.58" 1.0140.19°
Wet Weight 12.76+9.87° 11.19+6.70° 1.25+0.32°
Dry Weight 2.67+£2.33° 1.96+1.23% 0.74+0.33"

" Values showing the same letter are not significantly different from each other (P=0.05, DMR)
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Figure 1: The Effect of Aquaculture Wastewater and Poultry Manure on Number of Leaves per

Plant in two Leafy Vegetables

The Leaf width for Celosia argentea gave amean
and standard deviation value of 5.08+0.54 for
aquaculture wastewater treatment with minimum
and maximum value of 5.7 and 4.4, 3.64+1.07 for
poultry manure treatment minimum and
maximum value of 4.7 and 2.2 and 1.38+0.37 for
control minimum and maximum value of 0.9 and
0.4. However, there was no significant difference
between all three groups (Table 1).

The Leaf width for Corchorus olitorius gave
a mean and standard deviation value of

8.38+2.09 for aquaculture wastewater treatment
with minimum and maximum value of 11.6 and
5.9, 7.78£1.69 for poultry manure treatment
minimum and maximum value 0f9.0 and 5.2 and
1.3840.37 for control minimum and maximum
value of 1.8 and 0.9. However, there was no
significant difference between the number of
leaves of the aquaculture wastewater treatment
and poultry manure treatment, but both showed
significant differences from that of the control
(Table 2 and Figure 2).
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Figure 2: The Effect of Aquaculture Wastewater and Poultry Manure on the Leaf width per

Plant in two Leafy Vegetables



The Total petiole leaf length for Celosia argentea
also showed no significant difference between all
three treatments. Aquaculture wastewater
treatment gave a mean and standard deviation
value of 12.06+1.66 with minimum and
maximum value of 14.7 and 10.3, poultry manure
treatment gave a mean and standard deviation
value 0 9.26+1.21 with minimum and maximum
value of 10.4 and 8.0 and 1.96+0.16 for control
minimum and maximum value of2.2 and 1.8.
However, there was no significant difference
between all three groups (Table 1 and Figure 3).
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The Total petiole leaf length for Corchorus
olitorius also showed significant difference
between aquaculture wastewater treatment and
poultry manure treatment but not with the control.
Aquaculture wastewater treatment gave a mean
and standard deviation value of 13.42+2.97;
poultry manure treatment gave a mean and
standard deviation value of 9.26+1.21 and
1.96+0.16 for control (Table 2 and Figure 4).

The leaf blade length of Celosia argentea
showed significant difference between all three
treatments. The mean and standard deviation

Petiole Length (cm)
(58]

Aquaculture Waste

Poultry Manure

W Celosia argentea

B Carchorus olitorus

Control

Figure 3: The Effect of Aquaculture Wastewater and Poultry Manure on the Petiole Leave Length

per Plant in two Leafy Vegetables
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Figure 4: The Effect of Aquaculture Wastewater and Poultry Manure on the leaf blade Length

per Plant in two Leafy Vegetables
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values of aquaculture wastewater treatment,
poultry manure treatment and controls are
9.10+1.18, 6.98+0.66 and 1.70+0.27 respectively
(Table 1 and Figure4).

However the leaf blade length of Corchorus
olitorius showed no significant difference
between the aquaculture wastewater treatment,

9.82+2.42 and poultry manure, 7.84+1.03. The
control showed significant difference with the
treatment groups, 1.544+0.42 (Table 2 and
Figure4).

Plant height of Celosia argentea for
aquaculture wastewater treatment and poultry
manure treatment showed no significance
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Figure 5: The Effect of Aquaculture Wastewater and Poultry Manure on the Plant Height per

Plant in two Leafy Vegetables
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Figure 6: The Effect of Aquaculture Wastewater and Poultry Manure on the Stem girth per

Plant in two Leafy Vegetables



difference but both showed significant difference
from that of the control with mean and standard
deviation values of 33.36+5.84, 25.39+6.29 and
8.15+0.65 respectively. (Table 1 and Figure 5).

Corchorus olitorius similarly, showed no
significant difference between the plant height of
aquaculture wastewater treatment and poultry
manure treatment, 40.66+£13.23 and 48.15+14.09
respectively. Both showed significant differences
from that of the control, 10.86=1.51 (Table 2 and
figure ).

The stem girth of Celosia argentea showed
significant difference between the three groups,
with mean and standard deviation values of
aquaculture wastewater, poultry manure treatment
and control of 3.32+0.40,2.56+0.42 and 1.23+0.44
respectively (Table 1 and Figure 6).

Corchorus olitorius however showed no
significant difference between the aquaculture
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wastewater treatment 2.56+0.60 and poultry
manure treatment 2.60+0.58. However, both
showed significant differences from that of the
control 1.0140.19 (Table 2 and Figure 6).

There were no significant differences in the
wet weight and dry weight values of Celosia
argentea and that of aquaculture wastewater and
poultry manure treatments and no significant
difference between the poultry manure treatment
and control. However, there was a significant
difference between aquaculture wastewater
treatment and the control experiment (Tables 1& 2
and Figures 7& 8).

Also, there were no significant differences
between the wet and dry weight values of
aquaculture wastewater treatment and poultry
treatment in Corchorus olitorius, however, both
showed significant differences from that of the
control (Tables 1&2 and Figure 7& 8).
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Figure 7: The Effect of Aquaculture Wastewater and Poultry Manure on the Dry Weight per

Plant in two Leafy Vegetables
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Figure 8: The Effect of Aquaculture Wastewater and Poultry Manure on the Wet weight per

Plant in two Leafy Vegetables

Coefficient of variations of Celosia argentea
and Corchorus olitorius respectively were
shown in Tables 3 and 4. However, Table 3
shows low variability between the values of all
three treatments of Celosia argentea except for
the wet weight and dry weight values which
appears to be high (above 35%). Table 4 also
shows the variability between the values of

Corchorus olitorius which appears to be low
except for the petiole length of aquaculture waste
treatment and the control. Also the wet weight
showed a high variability between the values of
aquaculture wastewater treatment and poultry
manure treatment but was low for the control.
The dry weight values for all three treatments
showed a high variability (Table 4).

Table 3: Coefficient of variation for Celosia argentea across different treatments

Characteristics Treatments
Aquaculture
wastewater Poultry Manure Ordinary water

(Treatment 1) (Treatment 2) (Control)
No. of Leaves 16 8 23
Leaf Width 11 29 34
Total Leaf Length 14 13 8
Leaf Blade Length 13 9 16
Petiole Length 19 30 75
Plant Height 18 25 8
Stem Girth 12 16 36
Wet Weight 45 69 39
Dry Weight 51 82 71
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Table 4: Coefficient of variation for Corchorus olitorius across different treatments

Characteristics Treatments
Aquaculture
wastewater Poultry Manure Ordinary water
(Treatment 1) (Treatment 2) (Control)
No. of Leaves 15 4 7
Leaf Width 25 22 27
Total Leaf Length 22 14 10
Leaf Blade Length 25 13 27
Petiole Length 38 19 70
Plant Height 33 29 14
Stem Girth 23 22 19
Wet Weig ht 83 60 26
Dry Weight 87 63 45
Discussion when compared to the hydroponic solution.

During the experimental periods, it was possible
to recognize distinct differences between the
treatments in the two leafy vegetables (Corchorus
olitorius and Celosia argentea) and the control.
While Celosia argentea grown in aquaculture
wastewater showed significantly (p<<0.05) higher
growth variables than those grown in poultry
manure, Corchorus olitorius did not. The
quantitative and qualitative measurements for
aquaculture wastewater leafy vegetables showed
significant improvement over the poultry manure
treatment especially for Celosia argentea.
Number ofleaves, leafwidth, total leaflength, leaf
blade length, plant height, stem girth, wet weight
and dry weight were significantly higher in
vegetables grown in aquaculture wastewater than
those grown in poultry manure and ordinary
water. Lennard and Ward (2019) reported that
aquaponic method either equalled or was better
than the standard hydroponic methods for plant
growth (production) of lettuce and herbs, and was
also better than the hydroponic method in the
saleable plant quality of the herbs. A study by
Savidov (2005) compared plant growth rates
(shoot height, weight) in an aquaponically—
derived nutrient solution to a hydroponic solution
for several crop species {cucumber (Cucumis
sativus L.), tomato (Solanum lycopersicon L.),
basil (Ocimum basilicum L.), rosemary
(Rosmarinus officinalis L.), and Echinacea spp.),
and demonstrated that in many of the
comparisons, the aquaponic nutrient produced
equal or greater shoot weights (leaf weights)

Plants are able to grow in soil-ess or silt media
system where mineral concentrations are low, as
long as the nutrients can be replenished at a level
comparable to their uptake (Salisbury and Ross,
1992). The continual renewal of aquaculture
wastewater to the two leafy vegetables resulted in
a tremendous growth observed in the vegetables
treated with aquaculture wastewater compared
with the poultry manure treatment.

The amount of solid particles present in the
aquaculture wastewater is linked with the amount
of dissolved oxygen concentration in the systems
because the aerobic breakdown of excreta and
uneaten food increases the amount of dissolved
oxygen removed from the water. It is therefore
important to note that mechanical aeration of
intensively stocked fish must be undertaken
because oxygen is needed in the breakdown of
ammonia to nitrite and finally nitrite to nitrate.
Nitrification is the main process that transforms
NH4 to NO™ in the presence of oxygen (Hu et al.,
2015). Total ammonia nitrogen (TAN) is oxidized
into nitrite (NO™) by ammonia oxidizing bacteria
(AOB) (e.g., Nitrosomonas, Nitrosococcus,
Nitrosospira, Nitrosolobus, Nitrosovibrio sp., etc.)
and ammonia oxidizing archaea (AOA). The
resulting NO” is oxidized to NO’ (nitrate) by nitrite
oxidizing bacteria (NOB) (e.g., Nitrobacter,
Nitrococcus, Nitrospira, Nitrospina sp., etc.)
(Ebeling et al., 2006; Gerardi, 2002; Panuvatvanich
et al., 2009). Ammonia oxidizing archaea do not
appear to play a role in aquaponic systems
although their abundance was reported in similar
environment such as soils and oceans (Jung et al.,
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2014; Xia et al., 2011; Zhang et al., 2012).
Ammonia oxidizing archaea is responsible for
oxidizing ammonia under extremely low NH"
concentrations (about 2 g N/L) due to their
physiological diversity, leading to toleration and
adaptation to extreme nutrient limitations
(Martens—Habbena et al., 2009). The
nitrification rate of AOA will notbe significantly
higher than that of AOB in nitrogen—rich
environments, such as aquaponic systems. Thus,
nitrification by AOA does not significantly
occur inaquaponic systems (Huetal.,2015; Zou
et al., 2016). In aquaponic systems, TAN needs
to be oxidized to NO™ because NO is not toxic
to fish even at high concentrations of up to
150-300 mg N/L (Graber and Junge, 2009; Hu et
al., 2014). However, TAN and NO*
concentrations have to be maintained at low
levels (Buzby and Lin, 2014; Liang and Chien,
2013). For example, TAN and NO*
concentrations of 1.6-2.9 mg N/L and 0.4-1.1
mg N/L, respectively, were observed in well—
operated aquaponic systems using tilapia and
basil, while NO™ accumulated at relatively high
concentrations of up to 54.7 mg N/L (Rakocy et
al., 2003). Studies showed that the NO’ in
aquaponic systems can vary from 10 mg N/L to
over 200 mg N/L without stress to tilapia and
plants(Lametal.,2015).

The growth observed in the leafy vegetables
(Corchorus olitorius and Celosia argentea)
treated with tap water simply acknowledged the
role of water in plant growth, which indicates that
water contains nutrients such as nitrogen and are
extremely important in plant growth. Johnson,
(2007) stated that nitrogen is an essential nutrient
for plant growth, where a deficiency of it, can stunt
a plants growth.The result thus tallied with the
result of research work by Bouchard et al
(2007).The lesser vegetative parameters observed
in the plants irrigated with tap water compared to
those irrigated with aquaculture effluent and
poultry manure were probably attributable to the
lower availability of nutrients, which may have
negatively affected cell enlargement (Boyer,
1988).

Conclusion

Aquaculture wastewater treatments in this
experiment produced higher crop yield compared
to the poultry manure treatment. It is worth
considering the incorporation of the aquaponic
system into the agricultural system of developing
country like Nigeria bearing in mind the
advantages of producing two saleable products;
fish and vegetables. Nigeria should enhance her
status in integrated agriculture-aquaculture
systems (IAA) — which is the flow of nutrients
between enterprises i.e. wastes from one enterprise
become inputs in another to increase production as
being practiced in Asia. It is our belief that
considerable potential exists for further aquaculture
integrations in Nigeria that will improve the
livelihood of rural small-scale fish farmers.
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