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ABSTRACT

Purpose: Hydroponics, also known as controlled environment agriculture, is a method of
cultivating plants and herbs without soil using mineral-supplemented solutions. Agriculture
biotechnology enhances its wings on developing genetically modified plants for expanding crop
yield and introducing characteristic features such as growing seasonal crops throughout the
year, weather-resistant, and pest resistance. Compared to traditional agriculture, hydroponic
cultivation yields high-quality crops with 90% more efficient use of water. Therefore, hydroponic
cultivation could be considered a succeeding future of agriculture. In this context, understanding
agriculture through the hydroponic route is vital for the efficient cultivation of crops. This review
elaborates on the different classes of hydroponic systems and the factors that enable the
systematic elements of the frame-up.

Design/methodology/approach: The significant intent of this review is to provide information
on distinct hydroponic systems.

Findings: The present review reports a comprehensive discussion about the significance of the
hydroponics system, its mechanism, nutrient solution preparation, types of hydroponic setup,
and the challenges faced and would light up the knowledge in the same.

Originality/value: This review focus on the current feasible hydroponic method of crop
cultivation.

Keywords: Hydroponics, Agriculture, Hoagland solution, Macro and micronutrients, Types of
hydroponic system
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Biotechnology is a vast kingdom that utilizes the
biological system, as a whole or parts of it, to develop
numerous technological products that would enhance the
beneficence to humankind. Those end products find
applications in various fields commencing from agricultural
practice to the medical sector, where agriculture is the
utmost focused area since it is the backbone of almost all
developing countries [1]. More than half of the population
in developing countries depend on agriculture for their
livelihood [2]. As the world population is drastically
escalating over the past decades, it is necessary to design
modern biotechnology strategies to improve the productivity
and yield of crops to cope with the increasing demand, which
imparts various merits compared to conventional crops.
These advantages help agriculture to expand and provide
sufficient food for all humankind. However, due to massive
industrialization and human occupation, the percentage of
agricultural land has been deprived that reflected in declined
crop production [3]. So, scientists have developed a
hydroponics technique to facilitate improved crop
productivity in a limited space [4]. In 1929, the word
hydroponics was first coined by Dr. William Frederick
Gericke, a Professor from California [S]. Long back, this
hydroponic agriculture technique was utilized to grow fresh
food for the U.S. army troops stationed at the infertile pacific
island during world war II. In 1950, viable commercial
forms of the hydroponic system had been established in
America, Asia, Africa, and Europe [5]. As we know,
Hydroponics is a technique where crops are grown in a
liquid nutrient solution without the presence of soil; that
liquid nutrient solution is supplemented with essential
minerals such as calcium, magnesium, sulfur, and trace
elements like boron, manganese, iron, and zinc which are
necessary for plant growth. Through the hydroponics
system, various crops, such as tomatoes, cucumber, spinach,
lettuce, foliage, etc., have been cultivated, and they
displayed promising results [6-10].

Soil versus hydroponics
The plants which are grown either hydroponically or in soil
have no physiological difference. In general, the organic and

inorganic components that are inbuilt into the soil are
exchanged with the soil solution, which is absorbed by plant
roots (Fig. 1). However, in hydroponic cultivation, the plant
roots are in the vicinity of a nutrient solution containing
these essential elements. The subsequent processes of
mineral uptake by the plants are the same resulting in the
same physiological outcome [11]. Usually, a hydroponic
setup is constructed in an enclosed environment where the
plants are protected and are restricted from the reach of
external factors such as heat, pest infestation, and excess
light.
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Fig. 1. Difference between the origin of nutrient source for
soil and hydroponic cultivation

In a typical hydroponics setup, different components are
arranged to enable the effective uptake of nutrients by the
crops, which are discussed in the following section.

The growth tray/growth chamber is the part where the
roots of the plant will be in direct contact with the growth
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medium containing hydroponic solution (nutrient/mineral
solution). Therefore, the plant roots have proper access to
the dissolved nutrients/minerals in proximity. This
arrangement declines the root’s growth rate as they don’t
grow in length in search of nutrients/minerals and, thereby,
enhances the growth rate of shoots resulting in higher
productivity [8].

Growth medium act as a substitute for the soil here,
where functionalities like mechanical support and anchoring
of roots take place in the growth medium. The pH of the
growth medium should be maintained close to neutral, or
else the nutrient solution would become chemically
unstable, which may affect the plant growth [12]. Coconut
chips/coconut fiber, rock wool, and vermiculite are some of
the growth media used in familiar [13].

Nutrient reservoir or simply termed as a reservoir where
the nutrient solution is reserved with easy accessibility to the
plant. The reservoir is usually engineered using plastic or
glass to impart inert nature [14] since the metal-based
reservoir can easily corrode and could give rise to harmful
elements in the nutrient solution that would, in turn, affect
the growth kinetics of the plant [15].

Dissolved oxygen plays a crucial role in plant growth.
It avoids wilting process, where the plants lose their

Table 1.
Constituents present in the basic Hoagland solution [18]

turgidity [16]. It has been reported that circulating air
bubbles can help to keep the nutrient solution oxygenated
for a long time [17]. Therefore, to improve the level of
dissolved oxygen in the nutrient solution, an air pump is
used, which is connected to the air stone through which the
air reaches the nutrient solution.

The nutrient solution is a very important requirement for
plant growth, where essential minerals such as calcium,
potassium, magnesium, phosphates, nitrates, etc., are
present. These nutrients are added at the apt levels suitable
for hydroponic cultivation. Dennis Robert Hoagland and
Snyder formulated this in 1933. Again, the formulation was
refined by Hoagland and Arnon in 1938. This solution is
widely called Hoagland solution and is composed of various
nutrient salts dissolved in distilled water at the appropriate
level, which is summarized in Table 1.

The mineral salts are added appropriately to ensure that
the required macro- and micro- nutrients reach the plant for
proper growth and development.

Macronutrient and micronutrients

Macronutrients play a chief role in increasing crop yield,
growth, and quality. These nutrients are termed as
‘macronutrients since they are required by the plants in a
larger quantity. Each macronutrient has its functionality
involved in various beneficial activities and metabolic
processes of the plant during its lifecycle [19]. Further, they
contribute aid to the plants to protect themselves from
various biotic stress such as attacks by different pathogens,
pests, etc., and are also helpful to recover from abiotic stress

COMPONENT

STOCK SOLUTION (SS)

(SS) in 1000 ml water

Source for Macronutrients

Potassium nitrate (KNO3) 202 g/L 2.5ml
Calcium nitrate (Ca(NO3),) 236 g/0.5L 2.5ml
Fe (IT) ethylenediaminetetraacetate (Fe-EDTA) 15 g/LL 1.5 ml
Magnesium sulphate (MgSQO4) 493 g/L 1 ml
Source for Micronutrients
Boric acid (H;BO3) 2.86 g/L 1 ml
Manganese II chloride (MnCly) 1.81 g/ 1 ml
Zinc sulphate (ZnSQO4) 0.22 g/L 1 ml
Copper II sulphate (CuSO4) 0.051 g/L 1 ml
Molybdic acid (H:MoQO4) 0.09 g/L 1 ml
Sodium molybdic acid (Na;M0QO4) 0.12 g/l 1 ml
Source for Phosphate
Potassium phosphate (KH,PO4) 136 g/L 1 ml



https://journalamme.org/resources/html/cms/MAINPAGE
https://journalamme.org/resources/html/cms/MAINPAGE

Table 2.
Macronutrients in Hoagland solution and their functions

SI. No. Macronutrients Function

Deficiency Ref.

-Stimulates plant growth and involves in plant

. reproduction -Causes chlorosis
! Potassium -h/liaintains osmotic regulation -Hinders plant growth [20-22]
-Metabolism and chlorophyll synthesis
-Essential element in amino acid formation which is -Stunted growth
2 Nitrogen responsible for plant survival -Pale leaves due to lack of  [23,24]
-Prevent diseases particularly among fruiting plants chlorophyll
-Catalysis the conversion of numerous key biochemical
reactions that include energy transfer, transformation of
3 Phosphorus sugar anc'i starch, photosynthesis, and transfer of genetic ~ -Stem and leaf become dark [25-27]
information -Stunted growth may occur
-Help in photosynthesis
-Vital elements in DNA and RNA
-Promotes healthy growth
-Central atom in the chlorophyll molecule. -Cause chlorosis
. -Activation of many enzymes such as catalase, -Leaf vein colour become
4 Magnesium . . . [28,29]
peroxidase, cytochromes, and cytochrome oxidase green to yellow leading to
needed for plant growth fall of leaves
-Contributes to protein synthesis
. -Role in controlling membrane structure and function -Affects the growth of
5 Calcium . . . [30,31]
-Essential for cell elongation and cell division young leaves
-Involve in the formation of plant proteins, amino acids,
some vitamins and enzymes
-It interacts with nitrogen to structurally form amino -Cause premature tissue
6 Sulphur acids essential for protgein synthesis g death (necrotic or necrosis) [32,33]
-Influences the taste and pungency smell of some
vegetables like onion, garlic and mustard
7 Carbon -Promotes healthier growth of plants -Slow growth of the plants [34.35]

-Facilitates productive growth

-Stunted growth

like heavy metal intake, drought, UV radiation, excessive
heat, salinity, etc. [36]. Macronutrients are classified into
two groups: primary macronutrient and secondary
macronutrient. The primary macronutrients are the ones that
are required in larger quantities like nitrogen (N),
phosphorus (P), and potassium (K), whereas the secondary
macronutrients are usually required in moderate measure
compared to the primary macronutrients, some of these are
calcium (Ca), magnesium (Mg), sulphur (S), and carbon (C)
[37]. The macronutrients supplemented in the Hoagland
solution, and their physiological functions are summarized
in Table 2.

Micronutrients have their role in all the metabolic and
cellular activities of the plant. They are essential for plant
growth but are needed in minimal quantity than the
macronutrient. Required micronutrients include iron (Fe),
manganese (Mn), zinc (Zn), copper (Cu), boron (B),
molybdenum (Mo), sodium (Na), cobalt (Co), silicon (Si),
and vanadium (V). However, the last four elements rarely

influence plant growth. The physiological functions of the
micronutrients are summarized along with its deficiency
syndrome in Table 3.

Obviously, there is a tolerance concentration limit for
each nutrient in the hydroponics medium. This tolerance
limit depends on the plant species and their origin.
Therefore, understanding the tolerance limit of each nutrient
against the plants that are grown hydroponically is much
required. Also, the hydroponic medium has to be replenished
periodically to improve the yield of the cultivation. So, the
hydroponic medium is monitored using total dissolved solid
content and pH in regular intervals.

Water

Water quality is an important parameter in the
hydroponic system. The salts are usually dissolved in soft
water as they are devoid of other undesired dissolved salts,
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Table 3.
Micronutrients in Hoagland solution and their functions

SI. No. Micronutrients Function

Deficiency Ref.

-Respiration and photosynthesis

-Leaves become yellowish

! fron -Production of chlorophyll with dark green veins [38,39]
-Photosynthesis and enzyme antioxidant-cofactor

) Manganese -It involves in developing resistance against root -Declines the grf)wth rate [27.40]
pathogens -Causes chlorosis
-Growth of pollen tube and pollen germination
-Prevent low yield, spotted leaves and stunted growth

. -Constituent of many proteins and enzymes .

3 Zinc -Produce growth hormone and involves in internode -Declined growth rate [41.42]
elongation
-Plays an important role in thp phys1019glcal PIOCESSES oo e the reproduction of
of plants such as cell elongation, protein synthesis, cell the plants

4 Boron maturation, meristematic tissue development, etc. P [43,44]

. . -Display very poor
-Regulates internal water balance by opening and . s
; meristematic development

closing of stomata
-Plays a major role in rate of transpiration and water -Pale leaves with interveinal,
relation marginal chlorosis

> Molybdenum -It helps in nitrogen fixation to the root nodes in the (yellowing) and necrosis [45,46]
plants like legume, broccoli, etc. (scald)
-Activates catalytic reaction and enzymes for plant _Cuppine or puckerin

6 Copper growth ppIng orp g [47,48]

-Ensures successful photosynthesis

between the veins of leaves

unlike hard water. Therefore, the desired alkalinity of the
water is not altered, which is a necessary parameter for the
healthy growth of plants [49].

Light

Sunlight is an essential component in the process of
photosynthesis that provides energy to plants. If plants are
grown in indoor conditions, they must imitate the natural
environment facilitated through an artificial light source like
a light-emitting diode. Two types of light sources are High-
Intensity Discharge [HID] and Metal Halide [MH]. The HID
source is the finest choice for the flowering and fruiting
stage of the plant as it emits light in the yellow and green
spectrum but plays a lesser role in the production of photo-
synthesis. MH source is mostly used during the vegetative
state of plants which emits blue and violet light [50].

Temperature
It is reported that the optimum temperature of the

nutrient solution should be 23°C. However, plant growth
occurs at a different temperatures [51] and depends on the
plant type. For example, plants like lettuce and violet
carnation grow at 4°C while cucumber, tomatoes, orchids,
etc. grow at 21°C [52].

The pH of nutrient solution

pH is an important factor for plant growth because when
the pH level is too low, the nutrient solution becomes acidic,
and plants lose their tendency to absorb the nutrients through
the root zone, which leads to lethality [53]. If the pH is high,
the nutrient medium will turn out to be alkaline, which
would prevent the nutrient uptake and thereby leads to
deficiencies. For instance, iron deficiency occurs when the
pH exceeds 6-6.5. And hence, productivity and yield will be
drastically affected [54]. For quick absorption of nutrients,
the plants must be grown in a perfect environment with vital
nutrients. If the pH concentration of the media is not in
control, there will be retention in the plant growth. A pH
value of about 5.5-6.5 is advisable for plants grown using a
hydroponic system [55].

The wick system uses a wick that has a high capillary
solution where the nutrient solution will be supplied to the
plant roots via this wick (Fig. 2a). Here, the wick is made
up of fibrous material like nylon that would absorb the
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nutrient solution and re-direct it to the plant roots [56]. This
technique possesses the advantage over other techniques
as it is simple and doesn’t require electrical accessories
like electricity, pumps, or aerators. However, the wick
system is not a wise choice for long-term plants that require
a large quantity of water than could provide by the wick

supply [57].

Fig. 2. Types of hydroponic systems. (a) wick system,
(b) drip system, (c) Ebb-Flow system, (d) water culture
system, (e) nutrient film technique, and (f) aeroponic system

The drip system is used globally for soil-based
agriculture and also, can be incorporated into the hydroponic
system. The nutrient solution is provided in measured drops,
and therefore, the plant roots are always kept moist without
overwatering (Fig. 2b). As the solution is supplied in a
dripping manner, the evaporation of water can be avoided,
which declines wastage of water through leaching or runoff
as in the case of conventional agriculture [58]. Usually, the
home plants are grown in slightly permeable media, and the
requirement of nutrient suspension is moderate for the
growth and development of the plants. Distinct plants can be
grown systematically with prolonged water supply [59].

In the ebb and flow system, crops are grown in large
grow beds filled with growth medium. In this type of flow
system, the grow tray is made to flood with the nutrient
solution temporarily and to counteract the overflow of the

solution; it is made to drain back into the reservoir (Fig. 2c).
This action is performed several times a day by the submerge
pump, making use of a timer. The timer would shut off the
water pump allowing the nutrient solution to runoff through
the pump to the reservoir which completely drains the grow
bed. The timer ON/OFF is determined as per the plant
variety and environmental factors such as humidity and
temperature [60]. This method is one of the most preferred
for beginners; even experts also opt for this method. The
advantage of this system is that it does not require any
machinery and the production of crops is also quite higher.
The major fallback of this system is the requirement for an
increased water supply [61].

Using simple hydroponic systems, the need for large land
space for the cultivation of crops can be reduced by 75%,
also the requirement of water for irrigation can be lowered
by 90% with the negligible environmental resource [62]. It
is the simplest of hydroponics setup of all types where a
platform made up of polystyrene foam holds the plants and
are suspended on the nutrient solution which means that the
roots remain immersed in the nutrient-rich oxygenated
solution (Fig. 2d). Thus, plants can easily absorb nutrients.
The air pump is involved to supply oxygen to roots. Plants
such as cucumber and radish, grow well in this system.
However, the cultivation of long-term crops may not be
possible using this system. And, one of the cons of this
system includes the repetitive check of pH level, water level,
and concentration as it may fluctuate widely.

In NFT, plants are inserted into the slit cuts in the
polyethylene tube where nutrient solution is pumped
through (Fig. 2e). Here, a constant flow of nutrient solution
is achieved. This system is best suited for plants with small
root structures like berries, celery, and lettuce. Even though
the roots are small, this architecture would help them to stay
constantly submerged in the nutrient solution [63].

It is the most high-tech type of hydroponic system for
plant cultivation. In an aeroponics system, roots of the plant
remain suspended in an enclosed growing chamber where
the nutrient solution is sprayed over it at short intervals,
usually every few minutes with the help of a high-pressure
sprayer (Fig. 2f). This system is rarely utilized for
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commercial use because of its high cost involved in
installation and maintenance. Also, a frequent cleaning
process is required to avoid the spread of plant diseases and
blockage in the sprayer. Even partial failure of this system
may easily affect the growth conditions and damage the
entire crops, and hence ending up with less commercial use
compared to others [64].

For the cultivation of various crops, hydroponics is one
of the most preferred methods in the future. It is expected
that tomatoes, lettuce, and other leafy vegetables are
produced more using hydroponic systems. In developing
countries like Europe and Asia pacific, people opt for the use
of hydroponic method for green-house crop cultivation for
its excellent quality of crop yield. In addition to tomatoes
and peppers, crops like cucumber, cucurbits, and cantaloupe
are successfully grown using this system [59]. With quick
urbanization, increased population, and also the increase of
community-sponsor programme has paved the way for the
cultivation of crops using hydroponics as the incidence of
recollection of crops has played a significant role in the
development of hydroponic industries globally [65].
Aeroponics and hydroponics are developing technologies
for agriculture, as in the case of expanding population and
also by the decreased land resources [66]. Lei et al. in 2021
confirmed no morphological difference in lettuce when
grown in hydroponics media. The features of hydroponically
cultivated lettuce were the same as that of the plant that is
grown normally [67]. Another investigation was made in
2018 by Talukder wherein he stated that the production of
strawberries was decreased in a hydroponics media when it
is reused for a prolonged period.

In this case, the author treated the reused media by
applying DC-ED and AC-ED; after this treatment, the
growth of the strawberries increased [68]. The most
common pest infection in hydroponically grown cucumbers
is Tetranychus urticae. According to a study in 2019, the
authors recommended the reduction and management of pest
infection by the IPM program for greenhouse plants [69]. In
2020 a study conducted by Gao et.al; suggested that the
ratios of R: B in LED’s plays a significant role in the growth
and accumulation of nutrients in hydroponically grown
spinach [70]. As per Hopkinson et al.; plants that are
hydroponically grown in 5, 8, and 9 pH have a drastic
difference in their growth pattern later resulted in the expiry
of the plant. And plants that are grown in a neutral pH
nutrient media have shown to be much healthier [71]. Using

hydroponics systems, the demand for the growth of crops
has been enlarged. This advancement has shown to be more
environmental friendly wherein the need for human
performance is limited.

The forthcoming evolution of hydroponics will be
notably dependent on the acclimatization of medium as well
as low technical point expanding methods capable of
emulating with the expensive structures utilized in large
advanced countries. This will undoubtedly be feasible by
utilising regionally accessible substratum and also
cultivating inherent or endemic crops with cost-effective
prospective for food as well as for therapeutic targets. It can
prevent crops from soil-borne pathogens and diseases
resulting in better yield. Using this system, cultivation of
crops is made possible even in the place where soil quality
is poor. Using the nutrient solution, nutrition can be supplied
to the crops with precision and can be controlled as per the
requirement. Further, the environmental parameters can be
controlled so that the seasonal crops can be cultivated
throughout the year without any genetic modifications.
Hydroponic crop cultivation also provides quality crops
because its devoid of the usage of herbicides and pesticides.
Another major advantage is that the water used here is not
wasted as in the case of soil-based cultivation where water
is wasted through runoff and evaporation. Even though, the
hydroponic system poses many advantages, it is a complex
technical procedure. The de-merits of the system could be
addressed by:

o This requires frequent monitoring of the system;

e This method seems quite expensive;

e They require a constant power supply and would
collapse if the power supply is interrupted;

e Lack of detection of bad microbial activity at one plant
can result in infection of all other plants in the system, as
they all are interconnected;

e Water contaminated infections would easily fuse through
the system, making the system waterborne;

e Growing a hydroponic garden demands technical
expertise;

e Production is limited in comparison to the field
agriculture;

o [fthe system fails, plant death will occur spontaneously.
If all the above-mentioned cons could be rectified in the

upcoming days, the hydroponic system can be preferred and

utilized as one of the major modern agriculture techniques.
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