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Abstract

The effects of prolonged photoperiod (additional night lighting) were investigated on the production of Ocimum basilicum (lemon basil) and
fish/crayfish raised in a nutrient film technique aquaponic system. Hybrid lemon fin barb and red claw crayfish juveniles were co-cultured
with O. basilicum and subjected to 12 h of ambient natural daylight and additional 0, 4, 8, and 12 h of night lighting for 14 weeks (two batches
of 7 weeks each). The water quality parameters and the performance characteristics of the fish/crayfish/plant were evaluated, and the nutri-
ent uptake (nitrogen, phosphorus, and potassium) in the system by the three organisms was also measured. The fish growth performance
showed no significant differences (p > 0.05) in all the growth parameters measured across the treatments. The body proximate and nitrogen,
phosphate, and potassium (NPK) composition of the fish and crayfish were not significantly (p > 0.05) different across the treatments. Similarly,
there was no significant difference (p > 0.05) in the NPK uptake by the fish and crayfish across the treatments. The plant growth performance
showed that there were no significant (p > 0.05) differences in the plant growth parameters measured, except for % plant height gained in the
12 h-light treatment (403.2 + 26.0%) which was significantly (p < 0.05) higher than other treatments and cycles. Hence, this study demonstrat-
ed that varying supplementary night lighting has no significant effect on the growth performance of O. basilicum, hybrid lemon fin barb, and
red claw crayfish. This study, therefore, suggests that supplementary night lighting should not be considered for O. basilicum production as it
does not significantly improve the performance characteristics of the plant nor the fish co-cultured with it in a polyculture aquaponic system.
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Introduction

Plants generally require an adequate amount of light,
temperature, water, nutrients, and gases for optimal growth and
development. Light is one of the most important abiotic factors
and form of energy (radiant energy), can therefore regulate
plant behaviour. Depending on the direction, quality, quantity,
and duration of photoperiod, the development of plants can
be greatly influenced (Dou et al,, 2018). In many studies, the
quality, and mass increase of plants have been linked to extended
photoperiod regimes (Fernandez-Cabanis et al., 2020; Liang &
Chien, 2013, 2015). Photosynthesis and photomorphogenesis are
examples of the primary and secondary metabolic responses that
would be affected by the manipulation of photoperiod regimes
(Ouzounis et al., 2015). Hence, photoperiod manipulation is
key to producing consistent and predictable biomass in plant
production systems (Fernandez-Cabanas et al., 2020).

The quest for a more sustainable environment, efficient food
production system, and food security are some of the reasons for
the widespread interest in polyculture aquaponic systems (Hasan
et al,, 2017; Nuwansi et al., 2017). In contrast with conventional
aquaponic systems which are mostly carried out with total
manipulation of light under a controlled environment, the plants
in a polyculture aquaponic system under a semi-controlled
environment may require supplementary night lighting because
of their saturated nutrients. Although a minimum of 8 to 10 h
of lighting has been suggested for the optimal growth of plants
in conventional systems (Malayeri et al., 2011), there seems to
be a paucity of information on the response of different plants
to different supplementary night lighting in a polyculture
aquaponic system. However, the reason for the scarcity could be
that aquaponics, or polyculture aquaponic systems, is a relatively
recent technology that is only now starting to gain traction
globally.

The main role of the plants in the aquaponic system is
to significantly reduce the nutrient loading of the water as
occasioned by the decomposing uneaten feeds and byproducts
excreted by the fish (Love et al., 2015; Rakocy, 2012). The
nutrients accumulated by plants in the system are mainly
nitrogen and phosphorus, which are the principal compounds
responsible for eutrophication in many aquatic environments
(Liang & Chien, 2015; Petrucio & Esteves, 2000). Since the
availability of light affects the photosynthetic activities of
plants, it could be hypothesized that the manipulation of the
photoperiod regime may also affect the nutrient removal capacity
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of the plants connected to the system (Liang & Chien, 2013).
Ocimum basilicum is a plant that can be used as an herb as well
as an essential oil in cosmetics or pharmaceuticals (Ahmed et
al,, 2019). Thus, the current study is aimed at improving the
performance of this important herb by increasing the lighting
hours at night. This study is, therefore, designed to investigate
the effects of supplementary night lighting on the growth and
nutrient uptake by fish/crayfish and O. basilicum grown in a
polyculture aquaponic system.

Materials and Methods

Experimental setup, fish, crayfish, and Ocimum basilicum
The experiment was conducted at the Aquaculture Experimental
Station, Universiti Putra Malaysia, Malaysia. The experimental
setup consisted of 12-individual polyculture aquaponic units
situated under a large open-shed aquaculture facility with natural
light interception but enough for plant growth (57.74 + 1.43 pmol
m’s™). Each polyculture aquaponic unit consisted of a nutrient
film technique vegetable trough unit made of 5 unplasticized
polyvinyl chloride rectangular down-pipe rain gutters (5.95 x
0.15 x 0.07 m), a filtration box, and a 2-tonne fibre glass fish
tank. Each row held 14 pots, that is, 70 plant pots per culture
unit. A portable (135-watt, 4,000 L/h) aquarium pump was used
to pump water for recirculation in the system (Fig. 1). Each tank
was filled with 1 tonne of dechlorinated state tap water.

The red claw crayfish was procured from Greeny
Aquaculture, Johor, and the hybrid lemon fin barb fingerlings
were from Jerantut Aquaculture Extension Centre in Perlok
Pahang, Malaysia. The fish and crayfish were randomly stocked
at 75 fish/50 crayfish/tonne and acclimatized to the polyculture
aquaponic system for 4 weeks before O. basilicum seedlings
were introduced into the system. Two 3-day-old seedlings of
O. basilicum were (germinated on Petri dishes) transferred
individually to each pot of the vegetable trough. During the study
period of 14 weeks, the red claw crayfish and hybrid lemon fin
barb fish were fed (5% body weight) commercial pellets (Blanca
shrimp feeds, 36% crude protein, and Cargill starter, 34% crude
protein, respectively).

Supplementary lighting

Only the plants were subjected to supplementary lighting
using the following four treatments: 12 h daylight and 0 h
supplementary night light (control); 12 h daylight and 4 h
supplementary night light; 12 h daylight and 8 h supplementary
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Fig. 1. Schematic representation of the aquaponic setup.

night light; and 12 h natural daylight and 12 h supplementary
night light. LED plant grow lights (Philips T8 tube, Philips
Lighting, Bridgewater, NJ, USA) were used to provide artificial
lighting in the range of 650 + 50 umol m™s™". Automatic timers
were used to ensure strict adherence to the light regimes intended
for each treatment. The plants were grown for 2 cycles, with each
lasting for 7 weeks.

Water quality analysis

Water quality parameters were taken every week from the
effluent (water from the fish tank) and influent (water returning
to the fish tank after going through the plant trough and filter
box). Parameters such as dissolved oxygen (DO), temperature,
electrical conductivity (EC), and pH were recorded in situ using
a multi-parameter water probe (YSI 556 MPS, YSI, Yellow
Springs, OH, USA). Thereafter, water samples were collected
and used for the analysis of ammonia, nitrate, nitrite, phosphate,
and potassium ions. The process involved filtration of the water
samples in Whatman? filter paper (pore size 0.45 um and 47
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mm diameter) before use. The ammonia and ammonium levels
were then read using ammonia low range portable photometer
(HI 96700, Hanna Instruments, Smithfield, RI, USA). However,
the phosphate and potassium ion concentrations were analyzed
using atomic absorption spectroscopy (TruMac Series, Leco, St.
Joseph, MO, USA) as described by Ogah et al. (2020a).

Evaluation of fish, crayfish, and plant performance

The fish and crayfish in this study were sampled weekly until
the 14th week of culture (which was equivalent to the two cycles
of the vegetables) to determine their performance. Hence, the
fish and crayfish from each tank were individually batched and
weighed to get the bulk weight and survival rate weekly. The
information was also used to adjust the feed ration according
to the new mean body weight obtained weekly. Thereafter, the
weight gain, specific growth rate, average daily feed intake, feed
conversion ratio (FCR), protein efficiency ratio (PER), and
percentage survival were evaluated according to the equations
described below.
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Growth rate (g/d) = VI:Z

2 1
Where W, = initial weight (g), W, = final weight (g),

t, — t, = duration between W, and W, (days).

log, (VVZ)_IOge (VVI)
L=

Specific growth rate (%/day) = x 100

dryfeed consumed
w,-m

FCR =

(W, —W,) x 100

Feed conversion efficiency (%FER) =
dryfeed consumed

PER — Fish weight gain (g)
Total protein intake (g)

Protein gained =
(Weight,,,, x %Protein,,) — (Weight, . X %Protein, ;)

Lipid gained =
(Weighty,,,, X %Lipidg,,) — (Weight,,;u X %Lipid,,.)

fish stocked — mortality
fish stocked

% Survival = x 100

In this study, the evaluation of plant performance was based
on the parameters such as leaf number (the number of true
leaves in each pot), leaf area (area of 50 true leaves sampled from
25 plants) using a leaf area meter (LI-COR LI-3100C, Lincoln,
NE, USA), plant height (i.e., using a meter rule), and chlorophyll
content (Konica Minolta SPAD 502 Plus, Tokyo, Japan).
These parameters were measured at the beginning (during
transplanting) and at the end of the experiment.

Fish, crayfish, and plant tissue analysis

The proximate composition of the fish and crayfish in the
polyculture aquaponics system was done according to the
method specified by AOAC (1997). Also, the plant leaf and the
fish/crayfish tissues were analyzed for nitrogen (N), phosphate
(P), and potassium (K) to estimate the initial and final values
before and after the study. This was done using the Perkin Elmer
Analyst 400 spectrophotometer flame method (Bader, 2011). The
nutrient retention in the plants was evaluated using the following
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equations:

Nutrient gained in plant or fish

Nutrient retention =100 x — -
Total nutrient in feed given

Nutrient uptake = (Final weight x Final NPK content) —
(Initial weight x Initial NPK content)

Statistical analysis

Descriptive statistics of the collected data were done using
Minitab 14 to obtain the means and standard errors for the
different data sets in this study. The data were tested for normality
and homogeneity of variance before they were subjected to an
analysis of variance (ANOVA). In particular, the water quality
parameter data were analyzed using a 2-way ANOVA and the
results were presented in graphs. The fish, crayfish, and plant
growth performances and body/nutrient compositions were
analyzed using one-way ANOVA. Also, it should be noted
that the percentage data for nutrient recovery were arcsine
transformed.

Results

Water quality

Water quality parameters in the culture tanks and plant trough
outlets throughout the experiment are shown in Figs. 2-6.
Generally, there were no significant differences (p > 0.05) in the
water parameters observed between the culture tanks and plant
troughs. The water temperature in the culture tanks and trough
increased steadily while it ranged from 25.7°C-28.1C. However,
the DO, pH, and EC ranges obtained in this study were 4.5-6.3
mg/L, 5.8-7.2 and 0.2-0.75 mS/cm respectively. In both culture
tanks and plant troughs, the ammonia-nitrogen was within the
safe limit (0.2-1.4 mg/L) for the culture of fish and crayfish, while
there were no significant differences (p > 0.05) in the ammonia
concentration across the different treatments.

Fish/crayfish growth performance and body composition

The growth indices and survival of hybrid lemon fin barb and
red claw crayfish cultured with O. basilicum under different
night lighting regimes are shown in Table 1. The fish growth
performance showed that there were no significant differences
(p > 0.05) in all the growth parameters assessed across the
treatments. In addition, the growth performance of the crayfish
showed 20.17-22.57 g weight gain, 2.34-2.53 FCR, and 1.17-
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were cultured with basil and jute mallow herbs exposed to supplementary night lighting in a polyculture aquaponic system.
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Fig. 3. Dissolved oxygen in (A) culture tanks and (B) plant trough outlet where hybrid lemon fin barb and red claw crayfish
were cultured with basil and jute mallow herbs exposed to supplementary night lighting in a polyculture aquaponic system.

1.26 PER. However, no significant differences (p > 0.05) were
observed in growth parameters measured across the treatments
in either fish or crayfish.

The body proximate composition of the fish and crayfish
was not significantly (p > 0.05) different across the treatments
(Table 2). However, the NPK composition of the fish and crayfish
was not significantly (p > 0.05) different across the treatments
(Table 3). In the fish carcass, NPK values obtained were 2.93-2.97
mg/g, 0.56-0.62 mg/g, and 0.26-0.28 mg/g, respectively, whereas
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N values of 2.60-2.65 mg/g, P values of 0.15-0.16 mg/g, and K
values of 0.05-0.06 mg/g were obtained in the carcass of crayfish.

Growth performance and composition of Ocimum basilicum
Table 4 shows the summary of plant performances in different
extended night lighting regimes during two culture cycles.
Opverall, there were no significant (p > 0.05) differences in the
plant growth parameters measured, except for % plant height
gained in the 12 h-light treatment, which was significantly (p <
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Fig. 5. Electrical conductivity in (A) culture tanks and (B) plant trough outlet where hybrid lemon fin barb and red claw crayfish
were cultured with basil and jute mallow herbs exposed to supplementary night lighting in a polyculture aquaponic system.

0.05) higher than other treatments and cycles.

Furthermore, O. basilicum nutrient compositions before
and after being subjected to different lighting regimes are shown
in Table 5. Similar trends in the composition of plants were
observed in both plant cycles. There were no significant (p >
0.05) differences in the final NPK of O. basilicum in both cycles.

Nutrient uptake and recovery
The nutrient uptake by the fish showed that N uptake ranges

https://doi.org/10.47853/FAS.2023.e43

from 250.0-259.1 g/culture unit, P from 46.4-51.4 g/culture unit,
and K from 22.0-22.6 g/culture unit. There was no significant
difference (p > 0.05) in the NPK uptake by the fish across
the treatments (Table 6). Similarly, there was no significant
difference (p > 0.05) in the NPK uptake by the crayfish across the
treatments. The nutrient uptake in relation to the total system
showed that there were no significant differences (p > 0.05)
across the treatments in the NPK uptake by O. basilicum and the
total system.
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were cultured with basil and jute mallow herbs exposed to supplementary night lighting in a polyculture aquaponic system.

Table 1. Growth performance of hybrid lemon fin barb and red claw crayfish in a polyculture aquaponic system with Ocimum

basilicum exposed to different light regimen for 14 weeks

Performance Fish Crayfish

0Oh 4h 8h 12h 0Oh 4h 8h 12h
IBW (g) 123+0.61 124£0.17 122+0.74 1257 £1.13 4.1+032 4.1+£0.15 423 +0.09 413+032
FBW (g) 12487 +439" 113.87+791"  12827+724" 12793 +3.68" 24.27 +3.26" 25.11+3.26" 26.53 +3.14" 267 £1.79
MWG (g) 11257 +461°  113.87+7.83" 11607+7.74" 11537 +4.75° 20.17 +£2.96" 21.01+3.12" 223 +3.09 22.57 + 147"
SGR (%/d) 221+0.07° 2.21+0.05° 224+0.1° 221+0.12° 1.68 +0.06" 1.71+0.1" 1.73+011" 1.78 £0.01"
DFI (%/d) 3.05+£0.13° 2.99 +0.05° 3.02+£0.06° 3.07+£0.13° 3.64+0.09" 356 £0.12 3.52+0.09" 350+0.14"
FCR 1.82+£0.09° 1.79 £ 0.04° 1.80+0.07° 1.84+0.05° 2.53+0.05" 245+0.13" 242+021" 234+0.09
PER 1.62 +0.08° 1.65 +0.04° 1.64 +0.06° 1.61+0.04° 1.17 £0.02 1.21 +£0.06" 1.23+0.10° 1.26 +£0.05
Survival (%) 97.33+0.77° 97.78 +£0.45° 96.44 +0.9° 95.56 +2.47° 84.67 +4.81" 84.67 +24 86.67 +0.67* 8533+ 067"
Total P (kg/tonne)  9.11+0.25° 9.26 +0.55° 9.28 +0.58° 9.18+1.13° 1.04 +£0.20° 1.07+£0.17 1.15+0.13" 1.14 £ 0.08"

Data are represented as mean + SE.

**Values within the same row and species with different superscript letters are significantly different (p < 0.05).
IBW, initial body weight; FBW, final body weight; MWG, mean weight gain; SGR, specific growth rate; DFI, daily feed intake; FCR, feed conversion ratio; PER, protein efficiency ratio; Total P:

total production.

The percentage nutrient recovery of hybrid lemon fin barb
and red claw crayfish cultured with O. basilicum under different
night lighting regimes is shown in Table 7. There were no
significant differences (p > 0.05) across the treatments in NPK
recovery from both fish and crayfish. However, the nutrient
recovered from O. basilicum in both cycles was similar and there
were no significant differences (p > 0.05) in % NPK recovered
across the treatments in both cycles. The system total P recovered
from 4-12 h-treatments was significantly higher (p < 0.05) than
the system total P recovered.
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Discussion

Water quality parameters are very important variables of interest
in a polyculture aquaponic system for optimum growth of fish
and plants (Martan, 2008; Oladimeji et al., 2020). This is because
water quality imbalances such as high ammonia levels could be
detrimental to fishes raised in such a closed aquaculture system.
The levels of most water qualities observed in the current study
are in line with the reports of Boyd & Gross (2000) and Yildiz et
al. (2017) and are considered safe for the culture of experimental
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Azeezat Adenike Junaid, et al.

Fisheries and Aquatic Sciences FA S

Table 2. Body composition of hybrid lemon fin barb and red claw crayfish (% wet weight) grown with Ocimum basilicum

exposed to different night lighting

Treatments Nutrients (%)
Moisture Crude protein Crude lipid Ash Crude fibre NFE

Fish
Initial 75.36 +0.56 126+0.29 453+0.38 2.05+0.03 0.10+£0.0 538+1.16
Oh 67.9+0.22° 1841+0.26° 4.10+007° 2.25+0.09° 0.16 £0.02° 7.19+0.06°
4h 67.84 +0.84° 1833 +041° 418+0.22° 227+0.11° 0.17 £0.02° 7.18 £0.56°
8h 67.59 +0.66° 18.58 +0.50° 4.05+0.05° 236+0.30° 0.21+0.02° 721+£034°
12h 67.79+0.69° 18.55+0.32° 4.1+0.06° 235+0.23° 0.21£0.03° 7.01£0.52°

Crayfish
Initial 78.88+0.23 12.63+0.28 1.04+0.01 1.02+0.05 0.26+0.02 6.17+0.10
Oh 7533 £0.60 16.23£0.28" 1.06 +0.02° 1.13+0.01 0.12£0.01" 6.12£0.33"
4h 7534+0.25" 1629 £0.28" 1.07 £ 0.02° 1.2£0.06" 0.11£0.01" 5.99+0.18"
8h 74.95 £ 044 16.54 + 044" 1.05 £ 0.04* 1.07 £0.02° 0.11+0.06" 6.25+0.78"
12h 75.02 +0.46" 16.52 + 0.44" 1.03+0.07 1.08 +£0.03" 0.12+£0.01" 6.23+0.79

Data are represented as mean + SE.

**Values within the same column and species with different superscript letters are significantly different (p < 0.05).

Table 3. Fish and crayfish NPK composition in a polyculture aquaponic system exposed to different light regimen (wet

weight basis)
Parameter Fish Crayfish
Oh 4h 8h 12h Oh 4h 8h 12h

Initial N (mg/g) 2.06+0.05 2.02+0.05 2.02+0.05 203 £0.04 202+0.01 2.02+0.02 203 £0.01 2.04£0.02

Final N (mg/g) 295 +0.04° 293+0.07° 297 +£0.08° 297 £0.05° 2.60 +0.05" 2.61+0.03" 2.65+0.07 2.64+0.07
Initial P (mg/qg) 0.53+0.02 0.57 +£0.01 0.58+0.0 0.59£0.01 0.11+0.02 0.10£0.02 0.11£0.01 0.11£0.02
Final P (mg/q) 0.56 +0.04° 0.60+0.01° 0.60+0.01° 0.62+0.01° 0.16+0.01" 0.16+0.0° 0.15+0.0* 0.16+0.01"
Initial K (mg/g) 0.25+0.0 0.25+0.01 0.25+0.02 0.26 £0.01 0.04+0.01 0.04 £0.02 0.04+0.0 0.04£0.01

Final K (mg/g) 0.27+0.01° 0.26+0.01° 027 +£0.01° 0.28+0.0° 0.06+0.0° 0.06 +0.01" 0.06 +0.0* 0.05+0.01"

Data are represented as mean + SE.

**Values within the same row and species with different superscript letters are significantly different (p < 0.05).

N, nitrogen; P, phosphate; K, potassium.

organisms (crayfish and fish) used. Generally, the photoperiods
have no significant effect on the water qualities observed in this
study across the treatments, and this is similar to the reports by
Liang & Chien (2013) and Ogah et al. (2020b). The decrease
in pH levels in the culture tanks and plant trough outlets
under the different light regimes could be attributed to nitrate
accumulation in the biofilter during the culture period (Boyd &
Gross, 2000; Oommen et al., 2019). Also, the levels and variations
of the EC observed in this study were higher than in the earlier
study by Ogah et al. (2020b) which reported 0.25-0.42 mS/cm
in a similar polyculture aquaponic system. Maintaining high DO
in a bicultural aquaponic system cannot be over-emphasized as
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it helps with the breakdown of organic materials in the culture
water, therefore making available sufficient nutrients for plant
absorption and improved health (Eck et al., 2019; Rakocy et
al., 2006). The current study also observed that the DO for the
polyculture aquaponic system used was within the recommended
range for aquaculture purposes (Yildiz et al., 2017) and may
have been made possible because of the provision of aeration
mechanisms that supply additional DO to the system. The water
temperature observed in this study falls within the optimum
range for fish growth in aquaponics (Yildiz et al,, 2017) and is
also similar to the report by Ogah et al. (2020b) which reported
27C-297C in a similar aquaponic system. However, there was a
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Table 4. Ocimum basilicum characteristics exposed to 12 h daylight, followed by different lengths of night lighting

Parameter Cycle 1 Cycle2

0h 4h 8h 12h 0h 4h 8h 12h
Initial LA (cm?/leaf) 24+0.2 24+0.1 24+0.2 24+0.2 24+00 24+00 24+02 24+0.2
Final LA (cm*/leaf) 155+0.3° 15.7+0.7° 15.7+0.3° 158+0.7° 162 +0.5° 163+0.5° 163+0.8° 16.2+0.8°
LA gain (cm?/leaf) 13.1+0.2° 133+0.7° 133+0.1° 134+0.5° 13.8+04° 13.9+0.5° 13.9+06° 13.9+0.7°
LA gain (%/leaf) 5498+31.9" 550.7+13.7° 5269+427°  555.6+25.0° 587.1+109" 5885+11.0° 5895+206"° 5863+13.8°
Initial LN (leaves/pot) 6.0+0.6 63+0.7 6.0+1.2 6.7+0.7 6.7+0.3 63+0.7 6.7+13 7006
Final LN (leaves/pot) 28.7+0.9° 31.0+3.1° 303 +44° 31.3+28° 333+24° 33.7+3.0° 343 +4.7° 353+34°
LN gain (leaves/pot) 22.7+09° 24.7 +2.4° 243+33° 247 +2.2° 26.7 £2.2° 273+23° 27.7+33° 283+2.8°
LN gain (%) 3862+47.3"  4208+532° 4208+532° 370.8+64° 4000+24.7°  4343+17.8° 43331458  4044+166°
Initial PH (cm/pot) 51+04 57+0.1 54+04 55+0.2 53+04 53+0.2 53+03 54+0.1
Final PH (cm/pot) 21.8+14° 249+ 16° 263+2.1° 26.1+1.8° 256+1.7° 26.2+2.2° 266+ 1.8 26.1+1.8°
PH gain (cm/pot) 166+14° 192+16° 20.8+1.8° 21.7+0.8° 203+1.3° 209+20° 213+16° 21.8+0.8"
PH gain (%) 3293+409° 3387+260° 38274174 3944+274 3821+13.1%°  3933+290° 39794123  4032+260°
Initial CC (mg ™) 93+09 95+0.1 95+0.7 9.8+0.7 9.8+0.2 9.9+0.3 9.8+04 9.9+0.3
Final CC (mg cm™) 198+ 14° 20204 208+1.3° 206+ 1.5° 255+1.8 252+15° 26.1£2.9° 256+ 25"
CCgain (mg cm?) 105+04° 107+£0.3° 113+£0.7° 11.8+£12° 156+1.6° 153+£1.2° 163+26° 173+£1.1°
CCgain (%) 1154 +8.1° 1122+25° 119.8 +4.6° 123.9+22.0° 158.5+13.2° 1545+ 86 1648 +21.1° 1750+ 15.8°
Initial FW (g/unit culture) ~ 70.5+3.4 744+52 712120 724+35 731+16 73.0+4.7 732+19 738+38

Final FW (g/unit culture) 4290+17.1°  4442+233" 4443+166°  4422+154° 4643 +54° 4655+26.1"  4689+19.1°  466.5+249°
FW gain (g/unit culture) 3585+13.8" 369.8+19.7° 373.1+151° 369.7+12.1° 391.2+4.1° 3925+215" 3957+17.2° 3927+21.1°
FW gain (%) 509.2+55° 5002+286" 5240+159" 5113+104° 5352+7.8° 5383+9.0° 540.1+102° 5322+16°

Yield (g m™) 286.0+114"  296.1+151"  2962+11.0° 2948+10.3° 309.5+3.6° 3104+174"  3126+127° 31101166

°* Mean + SE within the same row and growth cycle with different superscripts are significantly different at p < 0.05.
LA, leaf area; LN, leaf number; PH, plant height; CC, chlorophyll content; FW, fresh weight.

Table 5. NPK composition of Ocimum basilicum exposed to different night lighting regimen in a polyculture aquaponic
system (wet weight basis)

Parameter 0h 4h 8h 12h

Cycle 1
Initial N (mg/g) 20.38+0.24 2041+0.11 2040+0.13 20.40+0.21
Final N (mg/g) 31.16£0.15° 31.07+032° 31.13+£0.03° 31.15+ 048"
Initial P (mg/g) 0.57+0.01 0.58+0.02 0.59+0.02 0.58+0.02
Final P (mg/g) 1.12+0.02° 1.13+0.02° 1.13+0.03° 1.13+0.03°
Initial K (mg/g) 1.10+£0.01 1.09£0.01 1.10+0.02 1.10£0.03
Final K (mg/q) 1.50+0.01° 149 +£0.02° 149 +0.03° 1.50 +0.06"

Cycle2
Initial N (mg/g) 20.85+0.14 20.86+0.18 20.83+0.19 20.85+0.14
Final N (mg/q) 3222 +0.25° 3222+0.11° 3211 +£0.25° 32.25+0.06°
Initial P (mg/g) 0.59+0.02 0.58 +0.03 0.59+0.02 0.59+0.02
Final P (mg/g) 1.21+0.01° 1.21+0.0° 1.21+0.01° 1.23+0.03°
Initial K (mg/g) 1.09+0.02 1.09+0.03 1.09 £ 0.04 1.10£0.03
Final K (mg/g) 1.51+0.06° 1.51+0.08 1.53+0.07° 1.53+0.01°

Data are represented as mean + SE.
“Values within the same row with different superscript letters are significantly different (p < 0.05).
N, nitrogen; P, phosphate; K, potassium.
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Table 6. NPK total uptake (g/culture unit) in hybrid lemon fin barb, red claw crayfish, and Ocimum basilicum exposed to
different night lighting regimen in a polyculture aquaponic system

Nutrient uptake (g/culture unit) ~ 0h 4h 8h 12h
Fish
N 250.34+10.34° 253.36 +18.98° 259.09 +25.03° 25414 +1363°
P 46.36 +0.65° 50.21 +2.76° 50.82 +3.73° 51.38 +4.20°
K 2249 +0.89° 22.02+0.67° 2264 +0.21° 2245°+0.90°
Crayfish
N 2336+4.27° 2444 +4.27° 26.68 + 3.55° 26.59 +2.30°
P 1.45+0.36° 147 £021° 1.56+0.16° 1.61+0.07°
K 053+0.11° 0.55+0.12° 0.59+0.1° 0.60+0.11°
Total (fish and crayfish)
N 273.71+12.06° 277.8+17.78° 285.76 +22.56° 280.73+11.73°
P 47.81+0.80° 51.68 +2.65° 52.38 +3.57° 5299 +4.13°
K 23.01+1.45° 22,57 £0.73° 23.24+09° 23.05+1.15°
O. basilicum (cycle 1)
N 119.26 £ 4.07° 122.86 £7.15° 123.76 £4.51° 122.77 £1.97°
P 438+0.16° 456+0.18 4.60+0.07° 458+0.25°
K 5.64+0.21° 579+031° 581+0.11° 5.83+0.24°
O. basilicum (cycle 2)
N 134.36 + 1.96 134.75 £ 747° 135.31£5.54° 13507 £7.14°
P 520+0.11° 5.20+0.28° 524+0.21° 531+039°
K 6.22£0.36° 6.19£0.04° 633+0.12° 634+031°
Total herb (2-cycles)
N 253.63+5.71° 257.61+12.76° 259.07 +10.05° 257.84+9.01°
P 9.57+022° 9.76 £ 0.40° 9.83+0.28° 9.89+0.63°
K 11.86£0.39° 11.98+£0.35° 1214+ 0.08° 12,18 £ 046"
System total
N 527.33+1437° 53540+21.13° 54483 +13.40° 538.57 +4.95°
P 57.39+0.99 6144 +251° 62.21+330° 62.88+3.70°
K 34.87 +1.84° 3455+1.0° 35.38+091° 3523 +1.21°

Data are represented as mean + SE.

**Values within the same row with different superscript letters are significantly different (p < 0.05).

N, nitrogen; P, phosphate; K, potassium.

noticeable drop in water temperature at weeks 4 and 6, and this
could be attributed to substantial water replenishment in the
culture tanks due to water loss. Water loss in aquaponic systems
could be a result of leaf transpiration and evaporation from the
system (Liang & Chien, 2013).

Most importantly, the ammonia level in this study suggests
that the organisms raised in the polyculture aquaponics system
may have had no risk of ammonia toxicity. Consequently, this
explains the similarity in the survival of the experimental fishes as
observed in the various treatments. In a similar case, the survival
and growth of hybrid lemon fin barb and red claw crayfish in this
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study were not significantly affected by the different durations of
lighting provided for the O. basilicum. This observation is in line
with the findings of El-Sayed & Kawanna (2004), who observed
that there were no differences in the growth performance of
Nile tilapia fingerlings reared under four different photoperiods,
and Ogah et al. (2020b), who observed no differences in the
growth of hybrid lemon fin barb reared with peppermint
exposed to different durations of night lighting in a polyculture
aquaponic system. It should be noted that the fish in this study
and those of Ogah et al. (2020b) were not directly exposed to
the different prolonged lighting. Hence, this could be the reason
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Table 7. Nutrient recovery (%) of hybrid lemon fin barb, red claw crayfish, and Ocimum basilicum exposed to different night

light regimen in a polyculture aquaponic system

% Recovery 0h 4h 8h 12h
Fish
N 30.94 +1.83° 31.20+0.67° 31.61+1.90° 30.81+0.58"
P 44,58 +2.38" 48.16+0.27° 4830+2.11° 4827 +1.78"
K 37.63+143° 37.04 £0.84° 37.73+£0.17° 37.06 +1.55°
Crayfish
N 1869+0.61° 1940+ 0.81° 20.14+1.71° 2048 +£0.96°
P 932+039° 9.70£0.35° 9.70 £0.50° 10.25+0.67°
K 6.07£0.18° 6.23+£0.63° 636+0.81° 6.57+081°
Total (fish and crayfish)
N 49,64 +1.95° 50.60 + 0.45° 51.75+1.26° 51.28+039°
P 53.89+1.99° 57.87 +£0.53° 58.01+1.62° 58.51+220°
K 43.70£1.59 4327 £141° 4410 £ 0.66° 43.63+0.86"
O. basilicum (cycle 1)
N 1139+0.78° 11.75+039° 11.64+032° 11.26 £0.53°
P 3.78+0.28° 411+0.10° 4,05 +0.08" 3.98+032°
K 7.71+£044° 7.85+0.27° 7.76+023° 7.63+061°
O. basilicum (cycle 2)
N 12.86+0.98° 12.95+0.98° 1273 +£041° 1241 +1.00°
P 451+043° 4.70+0.36° 461+0.13° 4.63+0.50°
K 8.51+0.66° 843 +043° 8.45+0.06° 830+0.72°
Total herb (2-cycles)
N 2425+ 1.74° 24.70 +£1.29° 2437 +£0.73° 23.66 + 1.52°
P 829+0.71° 8.81+046° 8.66+0.19° 9.00 +0.58°
K 1623 +£0.92° 1629+061° 1621+0.17° 15.92+1.28°
System total
N 73.89 +3.54° 7530+ 1.49° 76.13+0.89° 7495+1.13°
P 62.19 + 268" 66.68 + 0.90° 66.67 + 1.68" 67.12+2.66°
K 59.92+2.19° 59.56 + 1.96° 60.30+0.79° 59.55+2.11°

Data are represented as mean + SE.

*®Values within the same row with different superscript letters are significantly different (p < 0.05).

N, nitrogen; P, phosphate; K, potassium.

for the disparity in the performance evaluation compared with
those of Liang & Chien (2015) who reported improved growth
performance of tilapia and loach exposed directly to prolonged
night lighting in a raft aquaponic system.

According to Avgoustaki (2019), one of the most important
factors for evaluating growth conditions and consumer choices
for vegetables and herbs is plant quality. The indices of plant
quality as opined by researchers include colour, shape, height,
size (morphometry) of herb leaves, and yield (McElroy et al.,
2004; Miguel et al., 2002; Zhang et al., 2018). In conventional
farming, photoperiod plays an important role in the size/area of
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leaves and biomass (Adams & Langton, 2005). The assumption
at the beginning of the current study was that an increase in the
supplementary night lighting (or illumination period) would
result in a significant increase in yield compared to the O.
basilicum grown under control. However, the result of the current
study is at variance with this assumption as it is observed that
there is no significant difference in all morphometry parameters
taken from the O. basilicurn grown under the increased
illumination periods. Similarly, McElroy et al. (2004) had earlier
reported that the root weights of Florida betony exposed to long-
day and short-day photoperiods were similar after 10 weeks of
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culture. In contrast, the study by Ogah et al. (2020b) observed a
19% higher yield, stem length, and leaf numbers in peppermint
plants exposed to 12 h additional night lighting in a polyculture
aquaponic system when compared with the control group. Also,
Miguel et al. (2002) reported higher fresh mass yields of several
medicinal herbs when they were exposed to a longer day length.
The observed differences in the responses of the different plants
to additional night lighting may be due to the differences in their
biology and photoperiodic preferences. Nonetheless, Zhang et
al. (2018) had earlier hypothesized that the differences in the
ability of different plants to use larger amounts of carbohydrates
for physiological metabolism activities/growth could explain the
diversity of performance of plants under different photoperiods.

The trends of NPK recoveries by red claw crayfish, hybrid
lemon fin barb, and the O. basilicum in this experiment were
similar irrespective of the different supplementary night lighting
regimes to which the O. basilicum were subjected. Whiteman
& Room (1991) had earlier stated that temperature may have a
direct effect on the nutrient absorption capacity of organisms.
However, the additional lighting was not observed to increase
the temperature of the system or environment, which may partly
justify the similarities in the NPK recoveries of the treatments
and control groups. However, Ogah et al. (2020b) had earlier
reported that additional night lighting did not affect growth and
NPK recoveries of hybrid lemon fin barb, and their finding is in
contrast with the present study, which showed an 18% nutrient
uptake of the peppermint plant exposed to the prolonged night
lighting. Differences in the biology and photoperiod preferences
of the two plants used may explain the performance differences.
The recovery of 0.04 % P and 1.68 % K in cucumber co-cultured
with common carp in an aquaponic system was reported by Guzel
et al. (2018), while Ogah et al. (2020b) reported 4.54%-8.15% N,
0.94%-1.91% P and 2.06%-2.31% K recovery rate by peppermint
in a similar aquaponic system. These reports show that O.
basilicum in the present study has a higher NPK recovery than the
reported plants. A study by Moustafa et al. (2020), which reported
25.8% N and 2.74% P recovery in a RAS with Nile tilapia, was
lower compared to the observations of this study for fish (30.81%-
31.2% N; 44.58%-48.3% P) and crayfish (18.96%-20.48% N;
9.32%-10.25% P). The differences in nutrient recoveries may be
linked to the different culture systems used in both studies.

Conclusion

The findings of this study showed that varying supplementary
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night lighting has no significant effect on the growth performance
of O. basilicum, hybrid lemon fin barb, as well as red claw
crayfish. A similar observation was made with respect to their
nutrient recoveries and water qualities. Future studies should
also investigate the effect of exposing the fish directly to different
light regimes (such as light intensity, source, and quality) on the
performance of fish and plants co-cultured in the aquaponic
system.
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