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Abstract: Greenhouse and aquaponic productions of basil (Ocimum basilicum L.) are well established,
but the comparison between these two methods is not studied in detail. A study was conducted to
evaluate the performance of basil in both aquaponic and soil systems under greenhouse conditions.
The plants were raised in aquaponic beds with ornamental fish and a set of plants was raised in
soil pots under a greenhouse setup. The studied parameters were morphological, biochemical and
antioxidant levels. In order to analyze the stress effects of an aquaponic system on plant defense
mechanism, two different antioxidant enzymes (catalase and peroxidase) were analyzed. Water
quality parameters were monitored during the entire study period. Based on the results, there
was a significant increase in growth parameters in the aquaponic system when compared to the
conventional greenhouse cultivation of basil plants. The photosynthetic parameters showed a decline
in the aquaponic system, but the biochemical parameters showed an enhancement in the aquaponic
system of growing basil plants. The antioxidants exhibited a significant increase in the aquaponic
system, which suggests a water stress effect on the plants induced by the aquaponic growing system.
From the results of this study, it can be concluded that the aquaponic system is the best suitable
method for basil production in the UAE condition.

Keywords: Ocimum; ornamental fish; aquaponics; antioxidants; sustainable production

1. Introduction

Water management is the one of the main challenges worldwide, especially in countries
such as the United Arab Emirates, in which it poses a problem which needs immediate
attention. The present system of conventional agriculture is no longer feasible in this aspect,
as it requires a lot of water, which is very precious in this country.

As an alternative way of modern agriculture, aquaponics is considered as a system
that can use the water-containing residues from fish production for producing plants in
order to save water and produce clean products in a shorter time [1]. The principle of
aquaponics is that it uses the waste from fish and utilizes it in the form of nutrients required
for normal plant growth [2]. In this aspect, an aquaponics system can conserve precious
water, especially in countries such as the UAE, where the water supply is limited, and
there are very few arable lands. Additionally, the environmental impact is lower compared
to the conventional farming systems. With aquaponic technology, a sustainable fish and
vegetable production can be achieved with the simultaneous conservation of precious
natural resources in the country.

The UAE is moving toward sustainable food security in the near future, and for
that, a multi-faceted agro-ecological intensification of food production and a decoupling
from unsustainable resource use is of utmost importance. Techniques such as aquaponics
perform a great role in achieving the food security of modern times [3]. In countries such
as the UAE, where the climatic and land characteristics are not adapted for conventional
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farming, this type of low water consumption agricultural systems is more promising [4].
Additionally, the usage of synthetic fertilizers can partly or completely be eliminated in
aquaponic systems, and the use of pesticides is likewise reduced in this type of aquaponic
systems, as the system relies on fish waste to provide nutrients to the plants [5].

The working principle of aquaponics is quite simple, as it involves only three kinds of
living organisms: fish, beneficial bacteria and plants. The interrelations between them are
highly complex and interdependent [6]. Additionally, the issue of toxic components such
as ammonia created in the system from fish and food waste is resolved by the action of
bacteria by the process of conversion of ammonia into nitrite and then into nitrate, which
is non-toxic and at the same time beneficial to plants [7]. In a recirculating aquaponics
system (RAS), the water is circulated through the fish tanks and grow beds, and the waste
of water can be highly reduced [8]. It can produce fish and plants in high quantity and
quality simultaneously.

When selecting the fish to be used in an aquaponic system, the main point to be noted
is the resistance of the fish species to various environmental and water conditions [9].
The availability and usefulness of the species is also to be considered. The major fish
species used in any aquaponics system is Nile Tilapia (Oreochromis niloticus), which can
be used to run the plant-based system very successfully [10]. The studies related to the
usage of ornamental fish in aquaponics systems is relatively scanty [11]. In this study, we
selected koi fish (Cyprinus rubrofuscus var. “koi”), which is an important ornamental species
loved by the hobbyists and aquaculturists throughout the world. Koi fish belong to the
family Cyprinidae and are relatively resistant to different situations in fish tanks [12]. The
resistance of this fish to various levels of water parameters and its ability to grow and
reproduce in significant numbers is the main reason for our selection for it in aquaponics.
This fish is comparatively less disease-susceptible and also fast growing, making it an easy
species when cultivated together with plants [13].

Ocimum basilicum, popularly known as basil, is a very popular culinary herb that is
mainly used in food production [14]. Growing basil is also very common among farm-
ers. Basil has repellent or pathogen-killing properties such as nematicidal, antimicrobial,
fungistatic and insecticidal effects [15]. Considering these benefits and effects, basil has
multiple interesting uses in the food industries, perfume industry, traditional medicine
industry as well as pharmaceutical industry. O. basilicum is a very common plant that is
grown in aquaponics or more specifically in coupled aquaponic conditions [14]. Basil leaves
develop an unmistakable and distinctive scent via peculiar oil glands, and basil is therefore
considered as a very useful herb [15]. Apart from being a very common and important
ingredient in the kitchen, basil has several essential properties, and is therefore used in
fresh and dry form in almost all countries and cultures. Basil is suitable for soil as well as
soilless cultivation [16].

Basil production through aquaponics is well established [17]. Basil has high growth
potential and is therefore especially suitable for aquaponics. Inevitably, the demand for
basil is considerably high among both hydroponics and aquaponics producers. Studies
indicate that owing to its characteristics, basil is the most used herb for different hydro-
ponics and aquaponics experiments [18]. Basil produces 1.8 kg per meter square under
aquaponic production, and only 0.6 kg per meter square in soil cultivation [19]. Thus,
aquaponic production is considered to be more efficient and environmentally friendly than
soil cultivation [20]. Basil is among one of the top priorities for farmers all over the world
due to the high value that it carries as a cash crop [21–23].

Even though previous studies show that basil growth and production is higher in
the case of aquaponic systems compared to soil cultivation, researchers did not focus
adequately on comparing the level of antioxidants in the basil grown in both cases. This
research considers and seeks to fulfil this research gap by conducting a comparative
evaluation of yield as well as levels of antioxidants in basil grown in aquaponics and
soil systems.
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The soil system of growing basil or O. basilicum is one of the most profound and rich
ways of producing basil [24]. Basil does its best work when growing with the help of rich
soil that has an accurate pH level for its growth. A perfect drainage system, a soil that has
the required pH level and a place where sunlight reaches for about six to eight hours every
day, will give any farmer basil of high quality. Basil, in its most basic nature, is a tropical
herb that will grow and thrive easily in moist and nutrition-filled soil [24–26].

With the use of the aquaponic crop-production system, basil can be grown in a way
that is environmentally friendly; no soil, less water and high-quality crop yield [27]. The
crops produced with the help of the aquaponic system are not affected by any shift in the
environment and sudden shifts in the climate [28]. The aquaponic system takes the help of
fish, water tanks, plants and bacteria to grow products that are of high quality [29]. The
quality is maintained through proper checkups and maintenance of the system.

Previous studies showed that basil has a lot of characteristics and properties that
make it one of the most common herbs used extensively in the kitchen as well as in several
other business sectors [15,18,20]. Nevertheless, while previous researchers found that basil
production and yield is higher in the case of aquaponic systems than in soil systems, no
information is available on the level of antioxidants present in basil grown in both systems.
The purpose of this research was to investigate the efficiency of aquaponic systems in
comparison to soil systems, particularly in the context of yield and level of antioxidants in
basil. In other words, this research seeks to identify and understand how basil grown in
soil systems differs from basil grown in aquaponic systems.

2. Materials and Methods
2.1. Experiment Location

The experiment was carried out in in a polycarbonate greenhouse in Falaj Hazza
campus unit of aquaponics of the College of Agriculture and Veterinary Medicine, the
UAEU, in Al Ain city, 160 km East of Abu Dhabi, the capital city of the United Arab
Emirates, co-ordinate latitude and longitude of 24.2191◦ N and 55.7146◦ E, with ambient
lighting, average daily temperature 19.2–26.4 ◦C and relative humidity 40–60%.

2.2. Seed Collection and Germination

The certified seeds of Ocimum basilicum were obtained from agriculture material supply
companies in Al Ain. Seeds of O. basilicum were sown in the nursery in foam plates under
slight media layer and kept in the greenhouse conditions. Water spray was performed two
times per day. Plants were germinated after 4–6 days. The plants were sown along with the
commencement of fish culture. Normal cultivation practices were followed for soil-based
plants in the greenhouse using agriculture sandy soil.

2.3. Experimental Setup

The seedlings were grown in moisturized Rockwool cubes (2.0 cm × 2.0 cm × 2.0 cm),
placed in plastic containers and sprayed with water every day. The well-grown seedlings
were transplanted in a Rockwool slabs (100 cm × 20 cm × 2.5 cm) and connected to the hydro-
ponics system, with water circulated from the fish tanks after filtration (Figures S1 and 1).

2.4. Fish Selection and Growth Conditions

A total of 50 fingerlings per m3 of Cyprinus rubrofuscus var. “koi” were added in each
fish tank (500 L) with an average weight of 5 g. The fish were fed as per 2.5% bodyweight
with 36% protein commercial fish diet from Arabian Agricultural Services Company
(ARASCO), Saudi Arabia. They were fed three times a day.
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Figure 1. Different stages during the experimental study. (a) Early stages of growth in green house,
(b) growth in aquaponic bed, (c) sample collection, (d) laboratory analysis.

2.5. Plant Growth Conditions and Parameters Analyzed

Basil was harvested on 40 and 70 days after sowing (DAS). Group of plants were
randomly harvested on each harvesting time. Basil characteristics of each harvest was
evaluated by measuring the length from leaf to root, shoot length, root length, total weight,
shoot weight, leaf weight and average leaf number per plant. The plant height (from the
soil level to the tip of the shoot) was measured and the values are expressed in cm. The
plant root length of longest root was measured (from the point of first cotyledonary node
to the tip) and expressed in cm. The total number of fully developed leaves were counted
and expressed as number of leaves per plant.

The total leaf area of fully developed leaves was measured using a leaf area meter
(LICOR Photo Electric Area Meter, Model LI-3100, Lincoln, NE, USA) and expressed in
cm2 per plant. Fresh weight was determined by using an electronic balance and the values
were expressed in grams. The plants were dried for 48 h at 60 ◦C in a hot air oven after
taking fresh weight. After drying, the weight was measured and the values were expressed
in grams.

2.6. Estimation of Photosynthetic Pigments

Chlorophyll and carotenoid of the leaf were extracted and assessed by the method of
Arnon [30]. Five hundred milligrams of fresh leaf were ground with 10 mL of 80% acetone
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at 4 ◦C and centrifuged at 2500 rpm for 10 min at 4 ◦C. The extract was transferred to a
graduated tube and made up to 10 mL with 80% acetone and assayed immediately. The
absorbance was read at 645, 663 and 480 nm with a spectrophotometer (U-2001-Hitachi)
against 80% acetone as blank. Chlorophyll content was calculated using the formula of
Arnon [30] and expressed in milligram/gram of fresh weight (FW).

Anthocyanin [31] and xanthophyll [32] from the basil were extracted and estimated
and the results were expressed in milligrams/gram FW.

2.7. Biochemical Analysis

Protein was estimated according to the method of Bradford [33]. Five hundred mil-
ligrams of fresh plant material were ground with 10 mL of 20% trichloro acetic acid (TCA),
homogenized and centrifuged for 15 min at 800× g. A total of 5 mL of 0.1 N NaOH was
added to the pellet after the supernatant was discarded, to solubilize the protein, and the
solution was centrifuged at 800× g for 15 min. The supernatant was composed of 10 mL
with 0.1 N NaOH, and then used for the estimation of the protein content. The protein
solution containing 10–100 µg protein in a volume of 0.1 mL was pipetted into 12 × 100 mm
test tubes. Five milliliters of Bradford’s reagent were added to the test tube and the contents
were mixed by vortexing. The absorbance at 595 nm was measured after 2 min with 3 mL
cuvette against a reagent blank, prepared by adding 0.1 mL of 0.1 N NaOH and 5 mL of
Bradford’s reagent. A standard curve was prepared using BSA V fraction, which was used
to determine the protein content.

Total phenols were estimated according to the method by Malick and Singh [34]. Five
hundred milligrams of fresh plant tissue were ground in a pestle and mortar with 10 mL of
80% ethanol. The homogenate was centrifuged at 10,000 rpm for 20 min. The supernatant
was evaporated, and then the residue was dissolved with 5 mL of distilled water and used
as extract. A volume of 0.5 mL of Folin–Ciocalteau reagent was added to 2 mL of the extract.
After 3 min, 2 mL of 20% Na2CO3 solution was added and mixed thoroughly. The mixture
was kept in boiling water for exactly one min and after cooling; the absorbance was read at
650 nm. The total phenols were determined using a standard curve prepared with different
concentrations of gallic acid.

2.8. Non-Enzymatic Antioxidant Contents

Ascorbic acid content was assayed as described by Omaye et al. [35]. One gram of
fresh material was ground in a pestle and mortar with 5 mL of 10 per cent TCA, and the
extract was centrifuged at 3500 rpm for 20 min. The pellet was re-extracted twice with
10 per cent TCA and 10 mL of supernatant was used for estimation. To 0.5 mL of extract,
1 mL of DTC reagent (2,4-Dinitrophenyl hydrazine-Thiourea-CuSO4 reagent) was added
and mixed thoroughly. The tubes were incubated at 37 ◦C for 3 h, and to this 0.75 mL of
ice-cold 65 per cent H2SO4 was added. The tubes were then allowed to stand at 30 ◦C for
30 min. The resulting color was read at 520 nm in spectrophotometer (U-2001-Hitachi). The
ascorbic acid content was determined using a standard curve prepared with ascorbic acid
and the results are expressed in mg g−1 fresh weight.

α-Tocopherol content was estimated as described by Backer et al. [36]. Five hundred
milligrams of fresh tissue was homogenized with 10 mL of a mixture of petroleum ether
and ethanol (2:1.6 v/v) and the extract was centrifuged at 10,000 rpm for 20 min. The
supernatant was used for estimation of α-tocopherol. To one mL of extract, 0.2 mL of 2 per
cent 2,2-dipyridyl in ethanol was added and mixed thoroughly and kept in the dark for
5 min. The resulting red color was diluted with 4 mL of distilled water and mixed well.
The resulting color in the aqueous layer was measured at 520 nm. The α-tocopherol content
was calculated using a standard graph made with known amount of α-tocopherol and
expressed in mg g−1 fresh weight.
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2.9. Antioxidant Enzymes

Peroxidase and catalase crude enzyme extract were prepared according to a method
by Hwang et al. [37]. One gram of plant tissue was homogenized with 10 mL of ice-cold
buffer 50 mM sodium phosphate containing 1 mM PMSF. The homogenate was strained
through two layers of cheesecloth and then centrifuged at 12,500× g for 20 min at 4 ◦C.
The supernatant content was 10 mL with 50 mM of sodium phosphate buffer, used as the
source of enzymes. The enzyme protein was determined using a method by Bradford [33]
for expressing the specific activity of all the enzymes.

Catalase activity was assayed as a method described by Chandlee and Scandalios [38].
Frozen material (0.5 g) was homogenized in 5 mL of ice-cold 50 mM sodium phosphate
buffer (pH 7.5) containing 1 mM PMSF (phenyl methyl sulfonyl fluoride). The homogenate
was centrifuged at 4 ◦C for 20 min at 12,500× g. The supernatant was used for enzyme
assay. The assay mixture contained 0.4 mL of 15 mM H2O2, 2.6 mL of 50 mM potassium
phosphate buffer (pH 7.0) and 0.04 mL of enzyme extract. The decomposition of H2O2 was
followed by the decline in absorbance at 240 nm. The enzyme activity was expressed in
units of 1 mM of H2O2 reduction per minute per mg protein.

Peroxidase was assayed according to a method by Kumar and Khan [39]. The assay
mixture of peroxidase contained 2 mL of 0.1 M phosphate buffer (pH 6.8), 1 mL of 0.01 M
pyrogallol, 1 mL of 0.005 M H2O2 and 0.5 mL of enzyme extract. The solution was incubated
for 5 min at 25 ◦C, after which the reaction was terminated by adding 1 mL of 2.5 N H2SO4.
The amount of purpurogallin formed was determined by measuring the absorbance at 420
nm against a blank (the extract after the addition of 2.5 N H2SO4 at zero time). The activity
was expressed in unit mg−1 protein. One unit is defined as the change in the absorbance by
0.1 min−1 mg−1 protein.

2.10. Microelements and Macroelements

The analysis was conducted using ICP-OES-Agilent Technologies [40]. Samples were
prepared accurately by weighing 0.5 g in the microwave digestion vessels. The digestion
process began by adding 10 mL of concentrated nitric acid (HNO3) and 2 mL of hydrochloric
acid (HCL) to the sample. The vessels were capped and placed in the microwave digestion
system. The analysis was conducted using ICP-OES-Agilent Technologies, 710. The
percentages of different elements in this sample were determined by the corresponding
standard calibration curves obtained by using standard AR grade solutions of the elements,
for example K, Mg, Ca, Na, Fe, Mn, Zn, P and S.

2.11. Statistical Analysis

The experiment followed a complete randomized design. The data were analyzed
by SAS (SAS Institute Inc., 2000, Cary, NC, USA). Comparisons between the aquaponic
(soilless) and soil systems at the harvest times of 40 and 70 days were conducted using the t-
test at p ≤ 0.05. The values are mean ± SD for seven replicates from each cultivation system.

3. Results
3.1. Morphological Parameters

The plants in aquaponic and soil system exhibited an increase in height with age, as
they started growing since the first DAS, and almost reached their maximum height at
70 DAS. However, when compared to the aquaponic system at 40 DAS (69.42 cm), the
greenhouse-grown plants exhibited (65.55 cm) a decreased height. A similar trend was
noticed in the case of 70 DAS, when aquaponic-grown plants measured 98.05 cm, while the
greenhouse-grown plants measured only 84.21 cm in height (Table 1).

The root length increased with age in both systems. The root length decreased in
the soil system when compared to aquaponic-grown plants (Table 1). The average root
length of basil plants was 27.98 cm in the aquaponic system, but it was further reduced
in soil-system-grown plants to 23.21 cm at 40 DAS. Additionally, at 70 DAS, the root
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length of the basil plants in the aquaponic and greenhouse systems were 59.21 cm and
54.36 cm, respectively.

Table 1. Different growth parameters of Ocimum basilicum in aquaponic and soil (greenhouse) systems
at 40 and 70 DAS.

Growth Parameters DAS Soilless (aquaponic) System Soil (Greenhouse) System

Total plant height (cm) 40 69.42 ± 6.22 a 65.55 ± 6.11 b

70 98.05 ± 4.35 a 84.21 ± 9.55 b

Root length (cm) 40 27.98 ± 4.15 a 23.21 ± 2.11 b

70 59.21 ± 3.98 a 54.36 ± 5.23 b

Leaves (No.)
40 107.00 ± 20.19 a 99.88 ± 10.03 b

70 174 ± 12.55 a 148 ± 15.19 b

Leaf area (cm)2 40 3.78 ± 0.22 a 3.08 ± 0.70 a

70 3.74 ± 0.31 a 3.66 ± 0.38 a

Total fresh weight (g) 40 47.80 ± 5.31 a 45.89 ± 3.33 b

70 84.31 ± 5.89 a 79.25 ± 6.31 b

Total dry weight (g) 40 4.96 ± 0.51 a 3.77 ± 0.19 b

70 7.11 ± 0.22 a 6.33 ± 0.35 b

Root dry weight (g) 40 0.77 ± 0.03 a 0.44 ± 0.01 b

70 1.2 ± 00.02 a 0.99 ± 0.022 b

Values are given as mean ± SD of seven samples in each group. Values that do not share a common superscript
(a,b) differ significantly at p ≤ 0.05 using t-test. DAS—Days after sowing.

The number of leaves increased with age in aquaponic- and greenhouse-grown plants.
However, the number of leaves was reduced in the greenhouse system when compared
to the aquaponic system at both 40 and 70 DAS. In the aquaponic system, the number of
leaves at 40 DAS was 107.00, while in the soil system it was reduced to 99.88. Similarly, at
70 DAS, the aquaponic exhibited 174 leaves when compared with 148 in the soil system.

The total leaf area showed a similar trend under the greenhouse system when com-
pared to aquaponic basil plants, representing 3.78 cm and 3.74 cm in the aquaponic system
at 40 and 70 DAS, respectively. In greenhouse plants, it represented 3.08 and 3.66, re-
spectively, at 40 and 70 DAS. The fresh weight was lower in greenhouse-grown plants
when compared to aquaponic plants. This is due to the higher shoot and root growth of
aquaponic plants, which contributed to the increased fresh and dry weights of the basil
plants in the system.

3.2. Photosynthetic Pigments

The chlorophyll ‘a’ content of the basil leaves was extracted and estimated from the
randomly selected leaves at 40 and 70 DAS (Figure 2). Contrary to the growth param-
eters, the chlorophyll pigment contents in basil showed an increasing trend under the
greenhouse cultivation system. In the case of chlorophyll ‘a’, it represented 0.48 mg/g
FW and 0.55 mg/g FW at 40 DAS in the aquaponic and green house systems, respectively.
At 70 DAS, the content had increased and represented 0.37 mg/g FW and 0.49 mg/g
FW, respectively, in the aquaponic and greenhouse systems. At 40 DAS, the chlorophyll
‘b’ content represented 0.68 mg/g FW and 0.82 mg/g FW in aquaponic and greenhouse
plants, respectively, and it is evident that chlorophyll ‘b’ was enhanced in the greenhouse
system (Figure 2). The total chlorophyll content of the basil leaves increased in greenhouse-
cultivated plants (Figure 2). The greenhouse-grown plants harvested at 40 DAS showed
higher contents (0.137 mg/g FW) when compared to the aquaponic plants (0.116 mg/g
FW). A similar trend was observed in the case of plants harvested at 70 DAS, where the
soil-cultivated plants’ chlorophyll content (1.15 mg/g FW) was higher than that of the
soilless-cultivated plants (0.88 mg/g FW).
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Figure 2. Chlorophyll contents of Ocimum basilicum in (aquaponic) and soil (greenhouse) systems at
40 and 70 DAS. Values are given as mean ± SD of seven samples in each group. Values that do not
share a common superscript (a, b) differ significantly at p ≤ 0.05 using t-test.

The anthocyanin content of basil plants increased with age in both production sys-
tems. Additionally, in comparison with the aquaponic system, the greenhouse system
exhibited more anthocyanin content in the leaves. At 40 DAS, the basil plants exhibited
an anthocyanin concentration of 0.562 mg/g FW in aquaponics- and 0.698 mg/g FW in
greenhouse-cultivated plants. Similarly, the basil leaves from the aquaponic system at
70 DAS exhibited a 0.59 mg/g FW anthocyanin concentration and the greenhouse-system
plants exhibited a 0.77 mg/g FW anthocyanin concentration. Overall, the highest antho-
cyanin contents were recorded in basil leaves grown in the greenhouse system at 70 DAS
(Figure 3a).
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The xanthophyll concentration (Figure 3b) at 40 DAS in basil plants was the lowest
among the studied samples. As the age increased, the xanthophyll pigment concentration
showed an increase in concentration. The highest concentration was recorded in basil
plants grown in the greenhouse system at 70 DAS (2.36 mg/g FW) when compared to
plants grown in the aquaponic system (1.95 mg/g FW).

3.3. Biochemical Parameters

The plants grown under the aquaponic system exhibited higher protein contents
(36.25 µg mL−1) when compared to the plants grown under the conventional greenhouse
system (29.03 µg mL−1) at 40 DAS. The protein content was high at 70 DAS as well in
aquaponic-grown plants. However, the different samplings at 40 and 70 DAS did not
influence the quantity of protein in both the aquaponic and greenhouse plants. The phenol
concentration showed a remarkable increase in plants with age. The increase was clear at
40 and 70 DAS in both the systems. The phenol concentration at 40 DAS was 8.84 µg mL−1

and 7.01 µg mL−1 in aquaponic and soil systems, respectively. This increased to 10.11 and
9.98 µg mL−1, respectively, at 70 DAS (Table 2).

Table 2. Biochemical parameters of Ocimum basilicum in soilless (aquaponic) and soil (greenhouse)
systems at 40 and 70 DAS.

Biochemical Parameters DAS Soilless (aquaponic)
System

Soil (Greenhouse)
System

Protein (µg mL−1)
40 36.25 ± 12.7 a 29.03 ± 8.62 b

70 36.90 ± 12.8 a 30.00 ± 8.7 b

Total phenol (mg GAEq g−1 DW)
40 8.84 ± 2.8 a 7.01 ± 2.0 b

70 10.11 ± 3.6 a 9.98 ± 2.9 b

Values are given as mean ± SD of seven samples in each group. Values that do not share a common superscript
(a, b) differ significantly at p ≤ 0.05 using t-test.

3.4. Antioxidants

The ascorbic acid content of the basil plants increased with age in the soil- and
aquaponic-growing systems. The aquaponic system significantly increased the ascorbic
acid content of the plants as compared to the greenhouse plants; it represented 3.57 mg/g
FW at 70 DAS when compared to 3.2 mg/g FW in the greenhouse system (Figure 4a). Like
ascorbic acid, in basil plants, the α-tocopherol content increased with age in the soil- and
aquaponic-growing systems. The aquaponic system significantly increased the ascorbic
acid content of the plants as compared to the greenhouse plants, representing 6.66 mg/g
FW at 70 DAS when compared to 5.02 mg/g FW in the greenhouse system (Figure 4b).

3.5. Antioxidant Enzyme Activities

The antioxidant enzyme activities, such as catalase and peroxidase, increased with time
in soilless- and aquaponic-grown plants. Their activities were higher in aquaponic-grown
plants when compared to soilless-grown plants. At 40 DAS, the content was 7.19 units/mg
protein in aquaponic-grown plants and 4.227 in soil-grown plants. The difference in
activities of the catalase enzyme at 40 and 70 DAS was significant between aquaponic and
greenhouse plants (Figure 5a).

The peroxidase enzyme activity was higher in aquaponic plants when compared to
greenhouse-grown plants. Their activity was 1.571 in aquaponic plants at 40 DAS and
1.161 in greenhouse-grown plants. Similarly, the activity was higher at 70 DAS as well in
aquaponic plants when compared to greenhouse-grown basil plants (Figure 5b).
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3.6. Macronutrients and Micronutrients

The analysis of elements was only conducted at the end of the experimental period
(70 DAS). Some of the levels of macro- and micronutrients were higher in the soilless
system when compared to the conventional greenhouse system (Table 3).

Table 3. Macronutrients (%) and micronutrients (mg kg−1) in basil leaves under soilless (aquaponic)
and soil systems at 70 DAS.

Nutrients Growth Systems

Macronutrients (%) Aquaponics Soil

Nitrogen (N) 6.32 ± 0.09 a 4.89 ± 0.11 b

Phosphorus (P) 1.70 ± 0.05 a 0.99 ± 0.0 b

Potassium (K) 0.69 ± 0.02 a 0.71 ± 0.02 a

Magnesium (Mg) 0.59 ± 0.01 a 0.38 ± 0.0 b

Calcium (Ca) 2.81 ± 0.11 a 2.87 ± 0.13 a

Sulphur (S) 0.29 ± 0.01 a 0.29 ± 0.01 a
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Table 3. Cont.

Nutrients Growth Systems

Micronutrients (mg kg−1)

Boron (B) 41.9 ± 1.70 a 34.9 ± 1.10 b

Copper (Cu) 13.4 ± 0.86 a 13.8 ± 0.64 a

Iron (Fe) 95.2 ± 4.10 a 97.2 ± 2.70 b

Manganese (Mn) 99.8 ± 10.50 a 87.7 ± 2.40 b

Sodium (Na) 88.6 ± 13.50 a 74.0 ± 6.10 b

Zinc (Zn) 51.1 ± 5.30 a 61.1 ± 1.80 b

Values are given as mean ± SD of seven samples in each group. Values that do not share a common superscript
(a,b) differ significantly at p ≤ 0.05 using t-test.

3.7. Water Parameters

The levels of water temperature, dissolved oxygen, pH, total dissolved solids (TDSs),
electrical conductivity (EC), ammonia, nitrate and nitrite showed variations during different
intervals in the aquaponic system. It is known that when ammonia increased, the nitrate
and nitrite levels increased. The pH level also exhibited various levels during the period of
the experiment.

The highest level of dissolved oxygen was recorded to be 5.22 mg/l on day 10 and
the lowest was of 5.01 mg/l on day 1. The level of hydrogen pH was recorded to be the
highest on day 10 at 6.99 and the lowest on day 30 at 6.42. The level of TDS was recorded
throughout the analysis of 40 days from the recorded 310 ppm on the 1st day to 410 ppm on
the 40th day. The average water parameters of EC resulted from the fluctuation throughout
the observation of 40 days. It was recorded to be the highest on day 40 and the lowest on
day 20. The percentage of ammonia was recorded to be the highest on day 40 at 0.60 mg/l
and the lowest on days 1–10 at 0.10 mg/l. On day 20, the level of ammonia was recorded to
be 0.12 mg/l, and on day 30 it was reduced to 0.11 mg/l. As per the results, the highest
level of nitrate was recorded to be of 18.79 mg/l, and the lowest was level of nitrate was
recorded to be 5.81 mg/l. The level of nitrite was recorded to be the highest on day one
and the lowest on day 20 (Table 4).

Table 4. The average water parameters under aquaponic system during 10 day intervals.

Analysis
Intervals

Temperature
(◦C)

Dissolved
Oxygen
(mg/L)

pH TDS (ppm) EC
(mS/cm)

Ammonia
(mg/L)

Nitrate
(mg/L)

Nitrite
(mg/L)

Day 1 24.01 ± 0.03 5.01 ± 0.03 6.85 ± 0.03 310 ± 1.100 0.62 ± 0.04 0.10 ± 0.03 5.81 ± 0.03 0.30 ± 0.02
Day 10 25.09 ± 0.03 5.22 ± 0.04 6.99 ± 0.03 380.11 ± 1.24 0.76 ± 0.04 0.10 ± 0.03 6.09 ± 0.04 0.10 ± 0.04
Day 20 24.02 ± 0.03 5.10 ± 0.04 6.87 ± 0.02 350.21 ± 0.81 0.70 ± 0.04 0.12 ± 0.03 11.99 ± 0.07 0.08 ± 0.04
Day 30 25.02 ± 0.02 5.03 ± 0.03 6.42 ± 0.04 390.10 ± 1.32 0.78 ± 0.02 0.11 ± 0.02 17.22 ± 0.06 0.10 ± 0.03
Day 40 25.24 ± 0.03 5.10 ± 0.03 6.99 ± 0.04 410.41 ± 1.05 0.82 ± 0.03 0.60 ± 0.02 18.79 ± 0.09 0.11 ± 0.03
Day 50 24.84 ± 0.02 5.20 ± 0.03 7.01 ± 0.05 420.47 ± 1.06 0.84 ± 0.04 0.61 ± 0.02 17.79 ± 0.09 0.12 ± 0.03
Day 60 26.01 ± 0.04 5.11 ± 0.03 6.91 ± 0.04 420.61 ± 1.15 0.84 ± 0.03 0.71 ± 0.03 14.11 ± 0.06 0.12 ± 0.03
Day 70 24.21 ± 0.03 5.10 ± 0.03 6.98 ± 0.05 410.11 ± 1.05 0.82 ± 0.02 0.62 ± 0.02 18.25 ± 0.08 0.14 ± 0.04

4. Discussion

Ocimum basilicum L., commonly known as basil, is a herbal plant used for medicinal
purposes in the treatment of headaches, coughs as well as also kidney malfunctions. There
are many major chemical components in the plant which are the basis for these medicinal
properties. Basil is a source of antioxidant vitamins E, A and C [41]. These sources of
antioxidants help to elevate the health system of humans.

4.1. Plant Growth Parameters

Primarily, the total height of the basil plant exhibited an increase with the consequences
of age. This is based on the analysis of the first DAS of the aquaponics and soil systems.
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The plant was able to reach its maximum height in seventy days. The result of plants grown
on the soil system of the greenhouse showed a distinct difference from the aquaponic
plant growth. The root length of the plants of both systems showed a similar result
regarding height. In comparison with conventional basil cultivation, plant height in
the present study was higher, which is contrary to the findings of a previous study by
Pasch et al. [17], where they reported a reduction in growth of basil in different culture
conditions with catfish (Clarias gariepinus) in decoupled aquaponics. Our results agree with
the earlier studies of Mangmang et al. [42,43], where the inoculation effect of Azospirillum
brasilense on basil significantly increased the growth and production under the aquaponics
production system.

Roosta [44] showed a decrease in vegetative growth when studying the comparison of
the vegetative growth, eco-physiological characteristics and mineral nutrient content of
basil plants irrigated with different hydroponic:aquaponic solutions. In aquaponics, the
plants exhibited high growth performance and basil leaf area, fresh herbage yield and root
weight were increased by up to 27, 11 and 11%, respectively. An increase in biomass and
height were reported in basil plants grown in decoupled aquaponics by Rodgers et al. [45].

4.2. Photosynthetic Pigment Contents

The chlorophyll contents of plants show defining results at both 40 and 70 DAS.
Chlorophyll ‘a’ was subjected to show higher pigments in the greenhouse-grown basil than
the aquaponic-grown basil. Chlorophyll ‘b’ also showed similar results to chlorophyll ‘a’,
namely that the increase was seen more in the greenhouse plants than in the aquaponic
plants. Similar to that of chlorophyll, the plants showed high levels of anthocyanin in
greenhouse growth and lower levels in the aquaponic system. The contents of xanthophyll,
the highest concentration, were recorded in plants grown in the greenhouse as well as in
the aquaponic system.

There was visible chlorosis, as reported by Roosta [44], in basil plants under irrigation
with different ratios of hydroponic:aquaponic solutions. That means the content was lesser
in the aquaponic system of growth, which is concomitant with our studies. Leaf chlorosis
can be considered as an indicator of less physiological functions under aquaponics [46,47].

There was no difference in chlorophyll content or leaf nutrients between the aquapon-
ics and hydroponics of basil plants when grown in comparison to conventional systems [48].
Saha et al. [48] also reported that the pigment concentrations were unaltered in the
aquaponic production of basil, whereas, contrary to our results, Ferrarezi and Bailey [49]
reported an increase in chlorophyll contents in basil plants grown in aquaponics. Similarly,
in one of the recent studies by Rodgers et al. [45], high chlorophyll index ratios in basil
plants when grown in decoupled aquaponic setups were reported.

4.3. Biochemical Analysis

According to the results, the biochemical composition of the basil plants exhibited a
higher content of proteins in the aquaponic system than in the conventional soil system.
Additionally, the total phenol level was high in the aquaponic system and low in the soil
system. As basil is considered a herbal medicinal plant, it is of importance that the high
level of phenol provides antioxidant properties [50]. An increase in protein and other
biochemical concentrations were reported earlier in aquaponic-grown basil by Yang and
Kim [24,51].

4.4. Non-Enzymatic Antioxidant Contents

The antioxidants present in basil provide medical benefits. As per the analysis of the
results, ascorbic acid contents in basil showed an increase in the aquaponics system in both
the analyses at different DAS. The contents of ascorbic acid in greenhouse plants were lower.
This can be based on the fact that the aquaponic system delivers more essential nutrients
and helps build plant food in a better way than the greenhouse system [6]. Ascorbic acid is
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known as vitamin C, which is an essential antioxidant that works to protect firm cellular
components from damage. These elements of basil tend to scavenge free radicals [52].

As per the results, α-tocopherol also increased in the aquaponic system as compared
to the low α-tocopherol components in the soil system. The content of alpha-tocopherol is
proven to provide antioxidant activity that helps in protecting the membrane components,
similar to that in ascorbic acid [53]. We can assume that the plants under aquaponic growth
are probably subjected to a type of water stress (flooding), which in turn increased the
antioxidant content in the plants to fight against it [54].

4.5. Antioxidant Enzymes

Antioxidant activity in basil plants is based on several activities, such as catalase and
peroxide. The results show that these activities tend to increase with the age factor of
the plants in both systems. The activities are higher in aquaponic plants than that in soil
systems. In the case of peroxidase, the activities are also higher in aquaponic systems.

These antioxidant enzyme activities help in eliminating superoxides and the hydrogen
peroxide [55]. Additionally, the survival of many plants depends on their antioxidant
activities. Overall, the plants under the aquaponic system experience a type of flood stress
at the root level, which can be the reason behind the increased activities of antioxidant
enzymes. Antioxidant enzyme activities are used to scavenge the potential free radicals
which are produced due to the stress in the plants [56]. The increase in peroxidase in plants
at 70 DAS can be correlated to the onset of flowering as reported earlier [57].

4.6. Microelements and Macroelements

The results are based on the macro- and micronutrients in basil plants in the analysis
at 70 DAS in both aquaponic and soil systems. The major macronutrients present in basil
plants are nitrogen, phosphorus, potassium, calcium and magnesium. The analysis showed
that in an aquaponic system, the contents of nitrogen were higher than that of the soil
system. The components of phosphorus also showed similar results as that of nitrogen.
While the content of potassium and calcium exhibited a lower content in the aquaponic
system and higher contents in the soil system, conversely, the macronutrients of sulphur
exhibited the presence of equal levels in both the aquaponic and soil system at 70 DAS and
after. As per the results, the levels of micronutrients were also shown. Boron, magnum and
sodium exhibited higher content levels in the aquaponic system than in the soil system,
while the level of copper, iron and zinc showed lower content levels in the aquaponic
system and higher content levels in the soil system at 70 DAS.

Soil-system plants have lower levels of nutrient content. Aquaponics plants, with
water beds of recirculating water, contain more nutrients, and this helps the basil plant to
grow faster. The waste generated by fish in the aquaponics system tends to deliver essential
nutrients for plant growth, such as nitrogen, calcium, magnesium and potassium [58].
As per the recent data, the information on aquaponic nutrient manipulation is scanty.
Potassium and iron can be added to the system as main nutrient elements to be added as a
supplement to the aquaponic solution as potassium hydroxide and iron chelates as a foliar
spray [59].

4.7. Water Quality Parameters

The results of the water quality parameters are based on the analysis of different inter-
nal observations on the aquaponic system of basil plants. In the analysis, the temperature
kept fluctuating throughout days 1–40 from 24 ◦C to 25 ◦C. The dissolved oxygen level was
considered to be the highest on day 10 of the analysis

As per the literature, the accurate pH ranges are 6–9 for tilapia fish, 5.5–6 for plants and
7–8 for nitrifying bacteria, so we can conclude that pH 7 is considered an ideal compromise
for aquaponics [60]. In this study, the EC in aquaponics resulted mainly from the daily
nutrient release from the fish feed. The water temperature recommendation for basil is
20–25 ◦C in any system of cultivation [49].
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5. Conclusions

The main aim of this experiment was to standardize the aquaponic production of
basil plants with the help of ornamental fish, such as Koi fish, and to compare the growth
and quality of basil plants with conventional production methods such as greenhouse
cultivation in the UAE’s climatic condition. Based on the obtained results, the growth
parameters showed an increase under aquaponic production, while the photosynthetic
pigments were higher under greenhouse cultivation. The biochemical parameters exhibited
a significant enhancement in aquaponic-grown plants when compared to the standard
greenhouse system. The non-enzymatic and enzymatic antioxidants exhibited a significant
increase under the aquaponic system in basil plants. The conventional greenhouse system
exhibited lower antioxidant levels. Micro- and macro-nutrient levels also exhibited varied
responses under aquaponic cultivation. From the results of this study, it can be concluded
that the basil crop can be grown in both aquaponic and greenhouse soil systems, but the
quantity and quality of the crop can be increased when a soilless system is adopted. In a
soilless aquaponic system, the height, fresh and dry weight of basil increased significantly
when compared to conventional soil systems. This increase may be due to the additional
fertilizers from the fish waste produced in the system.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agronomy12123007/s1, Figure S1. Experimental set up showing
tanks, growth trays and filters.
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