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Abstract

The inexorable movements of growing population, increasing water stress, urbanization, and persistent global warming
are greatly responsible for the reduction in the availability of cultivable land in the Arabian Peninsula countries where
successful soil crop cultivation practically depends on scarce resources - water for irrigation. Consequently, the
stakeholders are battling global food security and how to conveniently feed the persistent growing global population
expected to reach 9.7 billion by 2050. Overcoming this predicament to have a bountiful harvest, improved technology as
hydroponic systems is needed. The hydroponic systems result in higher yield and mitigate environmental issues
associated with productions. The system’s advantages include cleanliness, pests and drought control, and year round

production. The concerned issues alongside benefits and limitations are evaluated in this review.
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Highlight Introduction
e Food security is a critical priority for the Arabian By 2050, the global population is projected to attain
Peninsula (AP) countries. 9.7 billion by demographers. Additionally, it is predicted
e Food and agricultural produce are majorly imported to that half of the fertile land worldwide will be unusable for
provide food commodities to residents in the AP farming [1]. Thus, the production of food commodities
countries should be increased by as much as 110% to satisfy world
e More emphasize is given to improved technology, population food demands. Approximately, it has been
accordingly hydroponics offer an adequate alternative recommended that a minimum daily consumption of 400g
as production system in the AP countries of both vegetables and fruits is expected for healthy living
o Adapted hydroponic systems can enhance food security according to the World Health Organization (WHO) and
in the AP countries the Food and Agriculture Organization FAO [2]. As

established by the United Nation (UN), presently several
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countries are encountering food shortage, particularly in
Africa. However, if there is a failure in meeting the
demand, it is expected that the food crisis will extend to
2050 [1]. The crisis occurred due to the unfavorable
climatic conditions resulted to drought or floods as they
occur more frequently. Another reason is the persistent
rise in the world population which have resulted to shift
in the demand for food to be on increase. As forecasted
that the World's population will attain 9.5 billion
inhabitants by the year 2050, no doubt this will lead to
complicated issues in term of environment and economic
in order to meet energy demand for the rising population.
However, water reduction in agricultural practices just to
achieve or enhancing economic productivity is a serious
setback in the countries of arid as well as semiarid

regions. The Arabian Peninsula which comprises of Gulf
Cooperation Council ; GCC (Saudi Arabia, Oman, United
Arab Emirates, Kuwait, Qatar, Bahrain) [3] and Yemen
belong to this region where the countries are located in
desert environment with peculiar climatic parameters
such as persistent high temperatures, high rate of
evaporation and little rainfall according to the World
Development Indicator (WDI). Hence, they heavily rely on
irrigated agriculture which responsible to the largest
proportion of water consumption amounted to roughly 78
percent of total water utilized in the entire GCC countries
on average [4]. Agricultural water use relies on mostly
(85%) from groundwater resources, which are at most
not renewable [4].

Figure 1: (A) The World map and (B) the Arabian Peninsula countries alongside neighbouring countries.
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A steady sharp decrease in underground water been recognized as a major setback to agriculture as the
availability for irrigation has been a major concern in this need for water resources keep increasing in these
region. Generally, water use efficiency (WUE) is countries to meet regular demand of both agricultural
considerably low in GCC regions under conventional activities and non-agricultural purposes [5].

methods [4]. This issue of scarce water resources has
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Figure 3: Share of freshwater withdrawals among Agriculture; Industry and Domestic uses in different world regions.
Source: World Development Indicator (WDI).
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Figure 4: Key determinants to be taken into account when establishing a hydroponic system

Meanwhile, with conventional agriculture practices, runoff water, deteriorated physical components of the soil
other environmental issues such as pesticides effect in and water quality and increase of soil-borne diseases
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beside groundwater shortage and non-arable soil are of
great concern. Over the past 5 decades, use of pesticide
has increased globally by nearly 42 times with the current
utilization in the amount of 2.5 million tons annually [6].
Also these constraints, altogether responsible for the
reasons why only approximately 36% of the global land is
suitable for crop production [7]. Growing agricultural
production capacity, through the use of hydroponic
systems, is foreseen as a promising approach to achieve
sustainability in agriculture in this region. There are
several advantages obtainable by growing agricultural
produce hydroponically. Such benefits include but not
limited to the efficient water utilization, reduction in
pesticides, increased yields and unrestricted production
of food compared to conventional agricultural method all
the year round [8]. The key determinants to achieve
better productivity in hydroponics are satisfactory
production site, easy management, viable varieties, and
ready market must be considered (Figure 4). The
hydroponic system has considerably expanded in the
most recent decade as it adds to the escalation of plant
production and gives high harvest yields even in zones
with unfriendly growing conditions like the Arabian
Peninsula countries. In this review, we aim to discuss: 1.
the merits of hydroponics compared with the
conventional farming method. 2. The probable limitations
that affect the hydroponic system. 3. Nutritional value of
phytochemicals accumulation of hydroponic compared to
soil grown crops, and 4. The potential future of the
hydroponic system compared to the conventional method
in the Arabian Peninsula.

Hydroponic System

Hydroponic is defined as a method of growing in a
soilless condition using liquid chemical fertilizer as a
source of nutrient [9]. Most terrestrial crops are grown
with their roots submerged directly in the nutrient
solution only or alternatively in an inert growth media
such as mineral wool, gravel, and perlite [10,11].

Existing Growing Methods

Growing crops under soilless culture (hydroponics)

can be places into two different categories, namely a)
liquid culture and b) aggregate culture as summarized the
Figure 5.
Solution/Liquid Culture: This growing method is
equally known to be the "true Hydroponics" because
plants nutrient requirement is supplied in solution form
in a constant circular motion after ensuring re-aeration
and adjustment of all the necessary parameters such as
pH, EC, as well as levels of the nutrient, a good example is
nutrient film technique NFT [12].

Aggregate Culture: In this case, the required nutrient
solution is supplied through a specific irrigation designed
system to the plants supported in a media that is either
organic or inert. Mostly, the unused solution is left to run
out as waste if the system is open or recirculated if it is a
closed system type. Example of media often used are rock
wool, perlite, pumice, etc [12].
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Figure 5: Growing methods in hydroponics as a function of the culture system and used media.
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The hydroponic system exists in a few different types
such as wick system, ebb, and flow system, drip system,
deep water culture system, nutrient filter technique
(NTF) system.

Nevertheless, some factors or parameters must be
carefully examined while selecting any of the existing
technique which includes:

e Space availability and other available resources

o The expected productivity level

e Growing medium, suitable for growth, must be
available

o The quality expectation of the output or produce in
terms of appearance, colour, size, freedom from
infestation from pests; etc.

Different Hydroponics Techniques in Use

The prevailing hydroponic system for growing crops is
classified based on the adopted techniques. A hydroponic
technique simply means the adopted style to supply liquid
nutrients to the root systems of the plant. The different
hydroponic system in use are shown in the Figure 6.

Aeroponic

This system (Figure 6-A) is the most complex and
advanced technology in term of operations and
maintenance. The grown plant is placed in special trays in
which they are suspended. The nutrient solution is
supplied through the spraying method at every minute as
regulated by timer targeting the roots system, which gives
a thin layer of nutrients. The system is constantly
monitored to avoid malfunctioning of the pump at any
time.

Wick Technique

In this system (Figure 6-B) the parts are immobile. The
nutrient solution is stored in a reservoir where the
oxygen level is maintained by using an air stone placed at
the bottom of the reservoir. The nutrient mixture is
drawn into the growing media with a wick (plastic
tubing). The root system of the crop is embedded in the
growing medium [13].

Drip Technique

The drip system (Figure 6-C) utilization surpasses that of
all other systems of hydroponic. Drip system task is
somewhat clear - a clock controls a submersed siphon.
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The siphon supplies water/supplement through a trickle
line that is situated over the plant base and growing
medium. Water/supplement trickles to the base of every
plant, supplies the root systems with a supplement, and
channel through growing medium once more into a store
where it will be used again [13].

Ebb and Flow Technique

The other name for the ebb and flow technique is “flood
and drain” (Figure 6-D) technique due to the continuous
and orbital rotation of pumping the nutrient solution into
the tray that housed the plant and it draining back to the
tank [14]. The simple framework of ebb and flow system
is made up of a tray that housed the plant containing the
growing medium placed above the tank of nutrient
solution. A timer is essential to regulate the submerged
pump, where nutrient solution forcefully trickled into the
tray and recycling back into the tank. The process repeats
itself continuously at regulated time intervals.

Water Culture

System (deep system) (Figure 6-E) originally, virtually all
the hydroponic systems emanated from the deep system
[15]. This system is well simplified, comprises of
tank/reservoir, an air stone place at bottom of the
reservoir, a timer and, tubing system, an air pump to
facilitate air movement, as well a floating platform [16].
With the progress of air circulation strategies to keep
disintegrated oxygen, the profound deep system was
developed, thus plants can be cultivated with roots
continually suspended in the nutrient solution. To attain
optimum growth conditions, it is very crucial to
constantly monitor the oxygen, the concentration of
nutrient, salinity as well as pH level [17].

Nutrient Film Technique System (NFT)

The nutrient film technique (NTF) (Figure 6-F) came to
existence to improve on the weakness associated with
ebb and flow systems in the 1960s and still remain the
universally accepted system among horticulturalist. The
nutrient solution in a tank, flow round the whole system
via pumping into plant tray at every second, thus
constantly circulates around root systems [17]. The
collection of the solution back in the reservoir facilitates
reused, however, the water volume is regulated by the
slant position of the tray as well as the intensity of the
water pump. Furthermore, due to the permanent contact
of the root systems with water, they are highly
susceptible to fungal infestation [18].
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Figure 6: Different types of the hydroponics techniques:
and flow technique; E. Water Culture; F. Nutrient film technique system (NFT) [19].

A. Aeroponic; B. Wick technique; C. Drip technique; D. Ebb

Nutrient Solution for Hydroponic System

Crops require essential micro and macro elements for
their healthy growth and development. Deficiency of any
of the nutrients in crops would affect their life cycles.
Adequate nutrient management is very important by the
soil less grower in order to maximize production.

Managing Nutrient Solution

Achieving an optimum in the hydroponic system is
very easy; however, inappropriate nutrient solution
management can result to poor growth of the plant. Good
performance or failure of hydroponic production is
therefore, the function of adequate nutrient management
plan. The adjustment of the pH level, the temperature and
electrical conductivity of the nutrient solution and prompt
replacement when required, will surely result to optimum
production.

pH Level of Nutrient Solution

The alkalinity and acidity of the solution are measured
on the pH scales that range from 1 to 14. Mostly, the
optimum pH of nutrient solution falls between 5.8 and 6.5
respectively. When the pH is too high or low against the
recommended range for a particular crop, the nutrient
will promptly exhibit toxicity symptoms on the crop.
Table 3 show different hydroponic crops with different
pH values.

Electrical Conductivity (EC) of Nutrient Solution

The electrical Conductivity (EC) measures the salinity
of the solution. This is achievable with simple measuring
instrument; EC meter. The major setback of EC is that the
concentration of the individual nutrient constituents
cannot be measured separately but rather the total
concentration of the solution. The optimum EC range for
most crop is between 1.5 and 2.5 dSm-1. Table 1 show
different hydroponic crops with different EC values.

Table 1: Optimum range of EC and pH values for different crops under various hydroponic techniques

System Crop EC (dSm1)| pH ‘é\;;fiitceiz:z; Substrate/Media Country |Reference
Potato 2-25 |55-65 High Rockwool Germany [20]
Aeroponic Potato 2-25 |55-65 High Perlite Spain [21]
Tomato 2-25 |55-65 High NR India [22]
Lettuce 0.8-1.2 |5.5-6.5 High NR India [22]
Wick technique Lettuce 0.3 5.6 High  |Coconut coir substrate Brazil [23]

Bello S, et al. Hydroponics: Innovative Option for Growing Crops in
Extreme Environments-The Case of the Arabian Peninsula (A Review). ]
Agri Res 2019, 4(5): 000235.

Copyright© Bello S, et al.



Open Access Journal of Agricultural Research

Kalanchoe . .
blossfeldiana 1.6 6.5 High Peat moss + Perlite |South Korea [24]
Drip technique |vegetable crops NR NR High NR USA [25]
Ebb and flow Pak choi NR NR High [peat+perlite +organiq oo [26]
technique fertilizer
Nutrient film Tomato 2-25 |[55-65| High Rock wool Switzerland |  [27]
technique

NR - Not Reported

Commercially Grown Crops using
Hydroponics

Virtually all crops can be practically grown under the
hydroponic system. However, vegetables, fruits, and
ornamental crops are mostly cultivated using these
various techniques. Nevertheless, other plants can be

cultivated under the system depending on the available
resources.

Different type of crops ranging from vegetables, fruits,
fodders, cereals as well as medicinal plants have been
successfully cultivated under the hydroponic system at
indoor and commercial level. The table 2 shows a list of
crops grown commercially.

Table 2: Some of economic crops cultivated hydroponically as obtainable from different literatures.

Crop Classification Crop(s) Name Countries | Reference(s)
Maize (Zea mays), Italy [28]
Rice (Oryza sativa) India [29]
Cereals Buckwheat (Fagopyrum esculentum) Japan [30]
Millets (Panicum miliaceum) Indonesia [31]
Sorghum (Sorghum bicolor) China [32]
Tomato (Lycopersicon esculentum) Spain [33]
Bell pepper (Capsicum annum) Brazil [34]
Vegetables Cucumbers (Cucumis sativus) Iran [35]
Melons (Cucumis melo) Indonesia [36]
Radish (Raphanus sativus) China [37]
Lettuce (Lactuca sativa) China [38]
Leafy Vegetable Spinach Japan 39]
Fruits Strawberry (Fragaria ananassa) Spain [40]
Raspberries Portugal [41]
Carnations (Dianthus caryophyllus) Turkey [42]
Flower / Ornamental crops Sunflower (Helianthus annuus L.) Brazil [43]
Medicinal crops Coleus (Solenostemon scutellarioides) India [44]
p Indian Aloe (Aloe vera) India [44]
Alfalfa (Medicago sativa L.) China [45]
Fodder crops Barley (Hordeum vulgare L.) China [46]
Lentil (Lens culinaris) Pakistan [47]
Leguminous crops Cowpea (Vigna unguiculata L.) Greece [48]
Chickpea (Cicer arietinum L.) Australia [49]

Merits of Hydroponics Compared with
Conventional Farming Methods

Growing plants under hydroponic systems exhibit
many advantages over cultivation under soil based
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culture in several ways [50]. Hence there are several
merits of the hydroponic system of growing crop over soil
grown crops which include:
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It Enhances Productivity

It is obvious that nutrition control in plants grown
under hydroponics is very accurate that mostly lead to

high yields with good quality but that does not mean that
yield from well managed plants grown conventionally will
produce less yield and inferior quality [51].

¥ Hydroponic equivalent/acre (tons)

TOMATO POTATO CAULIFLOWERCUCUMBER LETTUCE

BEET ROOTLADY'S FINGER CABBAGE

Figure 7: The comparison of yields of different crops under hydroponics and soil culture.

W Agricultural average/acre (tons)

1

45 0.3
7

10 0.75

PEAS SOYBEAN

Also, it is very understandable that when soil
encountered some problems such as soil toxicities, high
soil salinity, and acidity, in that case, hydroponics will
produce crops with high yield and better quality. Several
studies had been carried out with outcome favouring
hydroponics as the best in terms of yield and quality with
little efforts when compared with the conventional
method [52]. However, it was achievable majorly because
growth conditions are more uniform and controllable but
this is not controllable in most experiments carried out in
the soil. Since hydroponic system enhances plant growth
by providing optimal conditions, hence higher yields are
obtainable compared to the soil cultivated as illustrated in
the Figure 7.

Plant Nutrition Control

The ability to control plant nutrition accurately is one
of the advantages of hydroponics compared to soil grown
crops. This is achievable from different angles:

e The concentration control point of view where the
applied concentration is regulated to suite different
crops need, different environmental factors, plant
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growth stages, etc. Also, toxic elements such as Mn, B, Z,
Cu, Pb, etc. to plants when exceeding the normal limit
can be maintained within concentrations considered
safe enough.

e Also, the supply of required nutrient elements
uniformly is a guarantee, knowing well which nutrients
need to be supplied to the substrate. This is very
peculiar to water culture techniques being very
advanced in technology compared to aggregate
cultures, particularly the drip irrigation system.

e The manager has absolute control over the number of
nutrients to be provided when using either water
cultures or aggregate cultures with a neutral substrate.
Contrarily, this is not achievable under the soil cultures
as nutrients could be found in excess within the soils
which could lead to high salinity or acidity.

e pH and EC of nutrient solutions are very controllable
under hydroponics grown plants to conform to the
nutrient requirement of such crop coupled with
environmental factors. However, to achieve the same
feet in soil grown crops might be practically impossible
and if otherwise, it could be highly expensive.

Copyright© Bello S, et al.
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Water use Efficiency and Control

Water is one of the most essential resources for
bountiful crop production. Cultivation under protected
system demand quiet large quantity of water for
irrigation due to the lack of enough rainfall for crop good
growth performance is needed especially in hot, arid and
semi-arid regions of the globe, water has been considered
as a major limiting factor to crop production in terms of
availability (quantity), quality as well as cost.

The convenient irrigation in hydroponic is a great
advantage most especially with some hydroponic systems
such as NFT and another related system where there are
direct contact of roots with the nutrient solution as well
as sub irrigated substrate culture. However, other
systems that use organic and inorganic substrate may be
deprived of this opportunity as most of the substrates
exhibited low water holding capacity when compared to
soil.

Considering water use efficiency, some hydroponic
systems, particularly those operating under -closed
systems where nutrients solution is recirculated
constantly, the water saving is undisputedly high as
drainage and evaporation is properly checked from the
surface based on the operation method and designing of
the system (NFT - "closed system").

Manpower Requirement Reduction

In the hydroponics, the headache of normal cultural
practices prevalent with soil grown crops such as
weeding, soil sterilization, mulching, etc. that requires
intensive labour input is mitigated / drastically reduced.
However, due to the degree of automation and the kind of
substrate used, crop population per substrate have a
great influence on the quantity of labour that will be
required, the more automation the less labour
requirement in term of quantity. In a null shell
irrespective of the type of hydroponics system in use,
there is still a considerable saving in terms of labour input
used in general.

Cultivation all the year round

The number of harvested crops annually is increased
as a result of lack of the growing techniques, several
operations such as soil cultivation, sterilization of soil, etc.
as applicable in a chosen area of production since the
interval in duration between crops is practically
negligible.
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Unproductive soil

A good alternative is provided by hydroponics in
terms of idea crop to soil culture particularly in the
situation where the soil availability is practically zero, not
fertile enough to support cultivation, water lodged soil
with poor aeration soil, saline soil (with high salinity), the
sol is considered toxic as a result of accumulation of heavy
metals (eg. lead, mercury, cadmium, etc) and high
infestation of different soil pathogen resulted from
accumulation in the soil.

Root System Environment Well Control

The beauty of accurately controlling the temperature
around the root, root oxygen supply are essential factors
that relative achievable with ease in hydroponic systems.

Setback Associated with Hydroponics
System

High Capital Investment Cost

The initial cost of investment in a hydroponics system
could be enormous as acquiring inputs, setup cost
(construction), system maintenance when compared with
conventional and primitive soil cultivation. The
hydroponics system in use will determine the rate at
which input increases and equally the level of automation
in terms of accuracy in control measure adopted by any
system, i.e. it is costlier to set up NFT compared to the
other system such as rook wool system, but on the long
run the running cost per annum is considerably lower in
NFT than in the rook wool system.

Depending on the types of used materials, NFT system
that comprises of metal trays and supported with stands
is far costlier than the one in which corrugated asbestos
sheets for production of lettuce under NFT system etc.
The different countries’ economies play a vital role in
determining the actual cost of materials as this may vary
from country to country, for example, the cost of perlite is
relatively cheap in Greece but on contrary very expensive
in the UK.

Technical Know-How Demands

The successful operation of hydroponic system greatly
depends on the fast knowledge and ability to learn the
best way to cultivate various crops, physiology of plant,
basic elementary chemical processes, quick detection of
disease symptoms as well as good understanding of the
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control system, etc. Due to the sophistication of
hydroponics, it is certain that its operation is not quite
easy. Also, the support and assistant of technical experts,
researchers, entrepreneur dealing with installation and
different accessories, government institution should be
sorted from time to time.

Crops cultivation under controlled volume demands
skilful management system. Rewarding commercial
hydroponics requires prompt attention of professional
staff with good management skills. Hence, the handlers
must be versatile with deep knowledge and several skills
to give him the edge to handle multiple tasks such as
preparation and regulating the nutrient solution when
needed, monitor and control electro - computer devices,
understand plant physiology, ability to detect and control
prevailing diseases.

More attention needs to be paid to nutrient solution
composition and supply, pH, EC as a slight mistake could
be detrimental to crops in hydroponics [11,53]. Power
and water supply are expected to be constant, any failure
in supply could injurious or total loss of the crops [54].

Disease Risk

Hydroponically grown crops are prone to disease
infections if extra care is not taking. In the "open system,"
disease infection risk is considerably low because
nutrient solution and water drain away freely living the
crop root less prone to disease attack [55] However, in
contrary, crops grown under "closed system" are prone to
disease infections because excess drain continuously
flows through the roots of the plant in a circular pattern,
once there is any traces of disease causative pathogen in
the system, the whole plants may suffer terrific infection
attack [54].

Nutritional Value of Phytochemicals
Accumulation of Hydroponic Compared to
Soil Grown Crops

The conventional system of agriculture, soil health
variation, and fluctuation in environmental factors are
among the limitations in the soil cultivation systems. Such
factors as water type, temperature variation as well as
humidity are stressors that can affect crops by causing
possible alteration in their phytochemical makeup
irrespective of cultivation method adopted. Due to these
variability, several studies have been conducted to
compare the nutritional contents of crop cultivated
hydroponically to soil cultivated with various results,
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while some studies showing significant difference
between the two methods, others showing hydroponic
systems is better that soil cultivated crops or vice versa
and some show no distinctive differences between the
two in the tested nutrient levels. However, it should be
noted that the experimental outcomes could be greatly
influenced by the experimental design as well as
variability in various conditions hence affecting the final
outcome of the studies.

The hydroponically grown crops particularly
vegetables have been established by several studies to
produce high quality product when compared to
conventionally produced ones [56,57]. According to
Murphy MT, et al., Rouphael Y, et al., Treftz C, et al., [58-
60], the conducted studies have shown no significant
differences between hydroponic and soil cultivated
vegetables in terms of their qualities. Summarily, the
majority of the authors are of opinion that hydroponic
systems of cultivation are one of the best options in the
extreme environment or arid regions where fertile soil is
not available or the available types may not support the
healthy growth of the crop.

Nevertheless, despite the different and divergent
views, the researchers tend to support the general
opinion that possibly hydroponic system can elevate the
content of various phytochemical compounds in crops.
The hydroponic systems have produced high quality fresh
vegetables showing higher nutritional value as a result of
a high build-up of phytochemical compounds as recently
established by different studies, as clearly indicated in the
Table. 2.

A study conducted by Premuzic, et al. [61] discovered
that hydroponically cultivated tomatoes have an
incremental of antioxidants as well as macro- and
micronutrients, compared to soil cultivated tomatoes.
Also, in Achillea millefolium it was established that the
build - up of flavonoid is higher in the hydroponically
cultivated plants (0.43% dry weigh) compared to the soil
- based production 0.38% dry weight) [62]. In addition,
flavonoids accumulation in the cultivated plants under
hydroponic systems was found to exhibit tremendous
improvement in the activity of the antioxidant of aqueous
as well as lipids extracts, not only that, ascorbic acid,
vitamin E, lipoid acid, total phenols, and rosmarinsic
contents are increasing steadily. Furthermore, more
findings in various studies revealed the accumulation of
phytochemical compounds under soilless culture method
as shown in the Table 3.
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Table 3: Nutritional value of phytochemicals accumulation of hydroponic compared to soil grown crops.
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Crop(s) |Phytochemicals| Hydroponically grown crop(s) Soil grown crop(s) Reference(s)
No significant differences was | No significant differences was
Lycopene observed (average content 36.15 | observed (average content 36.25 [63]
Tomato pe) Hg)
Ascorbic acid The ascorbic acid value recorded | The recorded was lesser (0.693 [64]
was higher (13.3 mg/100 ml) g/100 ml)
Onion Total flavonoids | No significant difference observed | No significant difference observed [65]
Ascorbic acid
Vitamin E All of these phytochemicals were | The contents of the
Basil Lipoic acid more improved in content under | phytochemicals were less [66]
Total phenol | the hydroponic improved
Rosmarinic acid
Alpha-tocopherol| The levels were higher The levels were lower [67]
Lutein The exposure to the sunlight is
Lettuce Be.ta-carote.ne These were lesser as a result of | o~ high ‘.thh cont.r{buted
Violaxanthin . greatly the higher deposition of [68]
less exposure to the sunlight :
N hi these  phytochemicals  when
eoxanthin compared to the hydroponic
. Was higher in terms of dry weight | It was relatively lesser (2.81 mg /
Carotenoids : .
. (4.5 mg/100 g dry weight) 100 g dry weight
Red paprika . . : . [69]
Capsanthin Was higher in terms of dry weight | It was relatively lesser (29.57 mg
(46.74 mg/100 g dry weight) / 100 g dry weight
Strawberries| Ascorbic acid | The content was higher The content was lesser [60]
Raspberries The content was higher The content was lesser [60]
Ascorbic acid
C The content of the
arotene :
Thiami The content of the | phytochemicals were found to be
iamin . )
Sweet potato Oxalic phytochemicals were found to be | relatively lesser compared to [70]
— relatively higher. hydroponically grown sweet
Tannic acids
. potato.
Chymotrypsin

The Future Potential of the Hydroponics in
Arabian Peninsula

The advanced technology of hydroponic system is
growing at alarming rate in the agricultural sector across
all the Arabia peninsula countries, and no doubt it has the
potential to dominate the future food production [71].
The population keep growing and the land availability
declines because of the pressure exerted from the
construction of infrastructures coupled with the
uncultivable of the arid lands. Due to this facts, the best
alternative is to employ new technologies such as
hydroponics in order to enhance food production [72].
However, to better understand the hydroponic potential
in the future is important to critically examine the earlier
users of this technology [73]. Good example is the
adoption of the technology in the Tokyo, Japan where the
availability of arable land is relatively scarce because of
the high population but opted for hydroponic system in

Bello S, et al. Hydroponics: Innovative Option for Growing Crops in
Extreme Environments-The Case of the Arabian Peninsula (A Review). ]
Agri Res 2019, 4(5): 000235.

rice production to feed the growing population and to
preserve the valuable land [74]. Also, the technology was
successful adopted in the food production in Israel that is
characterized with dry and arid climate. The huge initial
capital outlay of hydroponic system will soon vanish as it
is peculiar with most technologies when newly invented
on the long run, thereby creating easy accessibility to the
technology. Well-constructed and managed hydroponics
has the potential to take care of crop production to feed
the growing population of Arabian Peninsula countries
that is characterized with impoverish soil and water
scarcity.

Conclusion

The Arabian Peninsula countries had recently
experienced astonishing development both socially and
economically. The food availability produced from local
production with known constraint of water resources and
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uncultivable land is far less to meet the daily
requirements, as adversely affecting the agricultural
productivity. Hence, attaining sustainability in terms of
crop production, land usage and water consumption must
be improved. However, the persistent gap between water
demand and the agricultural crop production would be
taken care of by embracing the modern technologies
particularly hydroponic system. Hydroponics is an
innovation with different kinds of technologies which
uses is being developed for future space travel as well as
in arid and semi-arid land. No doubt, hydroponics is
quickly picking up force and fame and quickest growing
alternative system of agriculture. This study exhibited a
general understanding about the importance of
hydroponics, its advantages against soil culture system,
possible associated limitations, and nutritional value of
phytochemical compounds accumulation of hydroponic
compared to soil grown crops. Considering the
aforementioned facts, vegetables produced
hydroponically seems to be an important instrument to
have crops with high accumulation of phytochemical
compounds leading to an increase in the nutritional
quality of the vegetable. In addition, by improving and
investing heavily on hydroponic system will lead to the
food secured countries. Adequate policy must be equally
putin place.
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