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Abstract

Many challenges have come in recent years due to the booming world population. One of the major
problems is the reduction of per capita land availability for soil-based farming. Due to these critical
circumstances, it has become essential to develop advanced technologies and techniques to overcome the
current scenario. Some of the latest technologies to overcome these problems are carried out of the soil
and in vitro plant cultivation, few of these are mainly based on soilless crop farming. Soilless agriculture
is the latest promising method to improve cultivation strategies to increase income. Other than the
restoration of cultivable land, soilless farming with a closed circulation system has enormous advantages
like recycling 85-90% of the water used for irrigation. Consequently, improved space and water
management method showed better yield than traditional farming with promising results throughout the
world. Based on above mentioned recent technologies soilless farming for sustainable and quality
vegetable production is emerging as a recent technology for enhancing the productivity.
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Introduction

Today world's 7.8 billion people use 1.5 billion hectares of land for food production and
livestock. By 2050, the world population will be increased to 10.9 billion people as a result
each of us requires a minimum of 1,600 calories per day. The civilization may expand to
another 2.1 billion acres if cultivation continues to be practised as it is today. There simply is
no such thing as so much fresh, arable earth. Agriculture often uses 70% of the world’s fresh
water available for irrigation making it unsuitable to drink due to pollution from fertilizer,
pesticides, herbicides. If this trend continues, this population will be affected without drinking
water. Due to various anthropogenic activities, various greenhouse gases are emitted into the
atmosphere this increases temperature and groundwater level are drastically reduced making
farmers difficult to feed extra 3 billion people by 2050. Due to these problems like limited
space, water availability alternative means of cultivation need to be created by following
vertical agriculture to solve the demerits of horizontal farming (Butler and Oebker, 1962) 114,
Soilless farming is a technique of growing plants in nutrient-rich solution with or without the
use of an inert medium like sand, gravel, rock wool, peat moss, sawdust. Coconut fiber,
vermiculite, perlite etc. to provide physical support to the plant. The term hydroponics was
derived from the Greek word Hydro meaning Water and ponos meaning labour i.e. water
work, which was coined by William Gericke, a professor in the early 1930s. He described that
plants can be grown by suspending roots in water containing nutrients.

Hydroponics has been used efficiently to grow various crops such as lettuce, cucumber,
tomato, herbs and other different types of flowers (Asao, 2012) ™. It has its advantages over a
conventional cultivating system such as rapid growth, high productivity, easy handling,
efficient water usage (Barbosa et al., 2015) ¥ and lesser fertilizer usage (Rana et al., 2011 and
Cuba et al., 2015) % 731, In hydroponics, the nutrient concentration of the aqueous solution is
controlled and monitored to observe the symptoms and nutrient deficiencies or toxicity in the
plant system (Adrover et al., 2013 and Cuba et al., 2015) [ I, Hydroponics has been very
useful in toxicological studies in the accumulation of various contaminants in plants, to
implement experimental studies in native and exotic crops for commercial or medicinal
purposes and also in traditional crops like vegetables and ornamental plants.

In traditional cultivation, soil plays a major role in the cultivation of crops. Almost all the
vegetables are directly or indirectly grown in open field soils. A well-drained pathogen-free
field is the least expensive medium for plant cultivation, but the soil is not always a perfect
package. Existing abiotic and biotic stress in soil affects agriculture and horticulture
production. Besides this shrinking of land due to rapid urbanization and industrialization also
affects agriculture production. To overcome these problems, better alternative to produce the
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crops using without any soil medium like hydroponics,
aeroponics and aquaponics. This review article will be
discussing the importance of soilless culture inefficient
cultivation of vegetable crops, parameters affecting the
soilless culture and management for successful commercial-
scale production of vegetable crops via soilless culture. In this
regard, it will be reviewed in these aspects in the following
paragraphs.

History of hydroponics

Hydroponics has been used for thousands of years ago. This
system has employed by many civilizations since many years
ago. In Babylon, famous hanging gardens around 600 BC
plants in the terrace were irrigated from Euphrates river was
the earliest record of hydroponics. By 40 AD in ancient times,
it is found that a man-made island city by the Aztecs in
Tenochtitlan made plants float over the water where the roots
are in direct contact with water (Gonzéalez Carmona and
Torres Valladares, 2014) 2. Currently, chinampas produce
40,000 ton/year of vegetables and flowers (Arano, 2007) EI
and it has been made an important agricultural heritage
system (Aquastat, 1999) 2. However, in the very early stages
at 1627 a book was published on growing terrestrial plants
without soil sylva sylvarum by Sir Francis Bacon, father of
the scientific methods he named it as “Water Culture”. In
1666, Robert Boyle, the Irish scientist explained his first
experiment on plants grown with their roots in submerged
water.

Similarly in 1699, John Woodward published his soilless
culture in spearmint and found that plants performed less in
impure water than distilled water. Mineral nutrition in
solution for soilless culture was first performed by German
botanist Julius Von Sachs and Wilhelm Knop in 1842 and
1895 respectively. A commercial water culture system was
proposed by Professor William Frederick Gericke of the
University of California. The term hydroponics was also
coined by Gericke in 1937. Moreover, in 1940 he wrote the
book named “Complete Guide to Soilless Gardening”. Since
1938, Dennis R. Hoagland and Daniel I. Arnon were two
plant nutritionists at the University of California developed a
nutrition solution named “Hoagland Solution” which is
successfully used till now commercially. In the year 1946,
hydroponics was introduced in India by English Scientist W.J.
Shalto Duglas who established a laboratory in Kalimpong,
West Bengal. He also wrote a book named “Hydroponics the
Bengal System”.
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Later around the 1960s and 1970s commercial hydroponics
has been developed in Abu Dhabi, Arizona, Belgium,
California, Denmark, German, Holland, Iran, Italy, Japan,
Russian Federation and other countries (Sardare and Admane,
2013) "8, Allen Cooper of England developed Nutrient Film
Technique in the 1960s. 1980s many automated and
computerized hydroponics kits have been developed and get
popularized in the 1990s. Moreover, in recent times, various
advanced extensive hydroponics research has been conducted
by NASA for their controlled Ecological Life Support system
(CELLS) to grow plants for the long term in space (Gruda
2009, Jensen 1997 and Savvas and Passam, 2002) [3%-37. 791, |n
the year 2007, Arizona based farm produced 200 million
pounds of tomato hydroponically (Javaid, 2020) B¢, As of
now, Much Al-supported software has been developed by
various private companies to monitor and control the
hydroponic system through mobile phones using the internet
or Bluetooth facility (Lakshmanan et al., 2020) 11,

Types of circulating system in hydroponics

The hydroponic system has been majorly classified into two
major groups they are

1. Open system

2. Closed system

Open system

In an open system of hydroponics, the nutrient solution which
is in contact with the root system is used only once. It means
that the nutrient solutions are not circulated or recycled. The
major advantages of this system are that, there won't be a risk
of infection in the plant system due to regular changes in the
nutrient solution. (Jones, 2005) (381,

Closed system

In a Closed system, an entire nutrient solution used for the
plant growth and applied for plant roots will be collected and
returned periodically. That means this nutrient solution will
be recycled regularly. In this system plants are grown in
liguid medium or solid substrate like sawdust, rice husk,
charcoal, sand, gravel, pumice etc. Water and nutrients are
monitored while it gets recycled regularly. The major
disadvantage of this system is that it depends on electricity
(Lee and Lee, 2015) 61,

Some of the closed hydroponics systems are Deep Water
Culture (DWC), Wick System, Ebb and Flow system,
Nutrient Film Technique (NFT).

Water level

sensar
—

Solenoid valve

Drainage sterilizer

Stock solutions,
acid and base tanks

Mixing tank
P—

EC and pH Growing bed

Drainage sterilizer

@

Drainage tank

Fig 1: Schematic diagrams of closed (left) and open (right) hydroponic systems (Son et al., 2020) 82

Types of hydroponics and soilless system
There are various types and different soilless system to grow

plants, they are discussed below.
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Hydroponics

Hydroponics is a simple system where plants are grown in
water without using soil. It works on the principle that plants
don’t require soil for their growth instead they require
vitamins, minerals, light, water, carbon dioxide, oxygen near
the root zone. Hence hydroponics system requires inert
growth media such as perlite or pumice where the nutrient-
rich solutions are fed with macro and micronutrients that are
necessary for their plant growth (El-Kazzaz and El-Kazzaz,
2017) 22,

Types of hydroponics systems

Wick or passive system

The wick system or passive system is a very less expensive
technique where there is no recycling of nutrient solution
instead the plant system absorbs solution by capillary action
of the roots ad fibres that transport water to plants (Ferrarezi
and Testezlaf, 2016) 4. Wick system doesn’t require
electricity to transport nutrient solution so it is very useful in
places where electricity is a big problem. As this system is
very simple it can be efficiently used by teachers to educate
children regarding basic idea on hydroponics in classrooms
(El-Kazzaz and El-Kazzaz, 2017) 22, This system is mainly
used for small scale production and it is not recommended for
the long-term cultivation of crops (Lee and Lee, 2015) 6],

Nutrient film technique (NFT)

Nutrient Film Technique is a closed system of hydroponic
system where the nutrient solution is recycled and recirculated
to provide a highly oxygenated nutrient solution to the roots
of plants through a channel of PVC pipe arrangements. This
system was developed by Allan cooper in the 1960s (Cooper,
1988) 81 In this system, plant acquires the required nutrient
and oxygen from the thin film of nutrient solution through
their roots (Morgan, 2009) 81, The nutrient solution is usually
pumped from a holding tank to the sloping pipe where the
roots are suspended and the run-off solutions are collected
again in the holding tank, this cycle is repeated at regular
intervals. Originally plants are grown on inert growth media
placed in opaque containers. Recently, this NFT system has
been modified with various supporting media and growing
systems.

Deep water culture (DWC) or Deep flow technique (DFT)
Deep Water Culture is also known as Deep Flow Technique
where the plants are cultivated on a floating or hanging
support like rafts, panels, boards in a container containing a
nutrient solution of about 10-20 cm (Van Os et al., 2002) 4],
This system is a pioneer for many recent advanced versions of
the hydroponics system. This system consists of a pump and
aeration setup to grow plants roots (Hoagland and Arnon,
1950) 2, The root of the plants is continuously made to get
submerged in the nutrient solution with proper aeration. the
oxygen concentration, conductivity, and pH have to be
controlled to optimize the growth (Jones, 2005) (381,

Drip hydroponic system

The drip hydroponics system consists of two containers one
on the top and the other on the bottom. In this setup, plants
are placed on the top container and nutrient solutions are
placed in the lower container. With the help of a pumping
system, oxygenated nutrient solutions are pumped up to drips
located near the root zone. After filtration, the used nutrient
solution will be passed back to the nutrient tank. Oxygenation
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of water is achieved by placing aquarium stone in the nutrient
solution (El-Kazzaz and El-Kazzaz, 2017) 4. Plants with
large root system can be grown under this drip hydroponics
system.

Ebb and flow system

The Ebb and Flow system of hydroponics is very similar to
the drip hydroponics system where there are two containers
one at the top with plants and the other at the bottom with
nutrient solution. In this system of hydroponics instead of
pumping the nutrient through drippers, they are flooded to the
plant roots. An overflow pipe is placed in the top container
that determines the level of nutrient solution and also transfers
the excess nutrient solution to the bottom container. Similarly,
like that of drip hydroponics system plants with large root
balls are grown in this system (Halveland, 2020) 4,

Aeroponics system

Aeroponics system classified under a closed system of soilless
culture and it is the high tech type of hydroponics system. In
this system, plants are supported by plastic or polystyrene
panels and arranged horizontally at the top of the growing
container. These panels are usually made of inert materials
like plastic, steel coated with plastic film etc. to suspend the
root system (Maucieri et al., 2019) B3, This system consists
of three types of frameworks, the first framework is high
pressure which doesn’t generally use a water pump. The
second framework is a low-pressure framework known as
soakaponics. The water and nutrient solution is simply
streaming out of the sprinkler i.e. mister heads (more water
pressure) by using standard submersible water pumps. The
third framework is ultrasonic foggers that make a mist
(Burrage, 1998 and Domingues et al., 2012) 13211,

The nutrient solutions are sprayed directly on the suspended
roots with sprinklers through various types of nozzles at
regular time intervals to avoid drying of the root zone.
Misting of nutrient solution is achieved by different types of
nozzles like Ultrasonic atomization foggers, High-Pressure
atomization nozzle and Pressurized airless nozzles to mist the
growing roots. Static pressure of about 60-90 Psi is
maintained and controlled by a computerized system (Liu et
al., 2018) 1. The spray duration will be around 30-60
seconds, this frequency depends on the type of crops,
cultivation period, the growth stage of the plants and time.
The Aeroponics technique is mainly suitable for small
horticultural crops and has not been used popularly due to its
high investment and management cost (Rakocy, 2012) 741,

Aquaponics system

Aquaponics is a type of soilless culture integrated with
circulating aquaculture and hydroponics system followed for
double harvest purpose of both fish and vegetable production
in a symbiotic environment (Rakocy 2007) [0 The
Aquaponics system is equipped with a water pump used to
pump out water from the fish tank to the plant growing
container through a biofilter where nitrifying bacteria can
grow and toxic compounds are broken down. Excess water in
the growing container is recycled into Nutrients required for
the plant growth will be provided from the fish grown water
containing fish excreta which is rich in ammonia. The
beneficial bacteria like Nitrosomonas sp. and Nitrobacter sp.
convert ammonia to nitrites and nitrites are converted to
nitrates through metabolic process respectively (Rakocy et al.,
2016) "2, These nutrients are effectively absorbed by the
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plants for growth and development. Pinho et al., (2017) 53
reported alternative effluent treatment through aquaponics to
save water and maximize the utilization of nutrients from Bio-
Floc Technology (BFT) of tilapia culture by cultivating three
different lettuce varieties (Red lettuce, butter lettuce and
crispy lettuce) along with Tilapia fish with better growth
performance in butter lettuce and increase in fish weight.

This aquaponics system can ensure food security in urban
area by cultivating vegetables where space is not sufficient
and also where are scarcity of fertile land, soil degradation,
lack of freshwater and problematic soil (Bindraban et al.,
2012 and Klinger and Naylor, 2012) 112 42, In recent days
leading countries in aquaponics are India, Israel, China and
Africa (Singh and Singh, 2012) . Aquaculture can be
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effectively combined with three systems of hydroponics such
as Deep-Water System, Nutrient Film Technique, flood and
drain system, among these different systems DWC and NFT
are the most widely used aquaponics system (Maharana and
Koul, 2011) [,

There are different types of fishes that can be widely
cultivated along with plants and they are classified as air-
breathing and water breathing fish. Some of the air-breathing
fishes are Anabas, Pangasius and gourami. Water breathing
fishes are Tilapia, Red-bellied natter, rohu, mrigal and catla.
Even ornamental fishes can be grown in an aquaponics
system and high yield can be obtained from both fish and
plants (Azad et al., 2016) [©1,

Nutrient Film Technique

Deep Water Culture (DWC)

Wick System

Water Pump

Fig 2: Types of aquaponics system

Table 1: Advantages of soilless culture over conventio

nal farming (Jones Jr 2016 and Turner, 2008) [39

Soilless farming

Conventional farming

Crops can be grown in all places like barren or contaminated land.

Crops cultivated in barren or contaminated lands are affected.

Vegetable crops grown are more resistant to salt stress.

Crops cultivated in saline soil are affected.

Biofortification of crops with nutrients can be achieved in soilless farming.

It is difficult and can be achieved by biotechnological approaches.

Pest and disease attack are less.

Pest and Disease attack is more.

Labour intensive works are not required.

Labour intensive is required.

Automated monitoring through computer system is possible.

It is not possible.

Water requirement is 1/10" of the conventional farming.

Water requirement is more.

Nutrient solution contains 25% of the required essential elements.

More wastage of applied Fertilizer in soil.

Less space is required for cultivation.

More space is required for cultivation.

Plant growth is faster and bigger.

Plant growth is affected by climate actors.

Yield per unit area is more.

Yield per unit area is less.

Suitable vegetable crops under soilless farming
The soilless farming system may help to produce different

Table 2: List of crops that can be grown on commercial leve

types of vegetable crops successfully, some of the vegetables
cultivated under hydroponics system are (Table 2).

I using soil-less culture (Maharana and Koul, 2011) 50

Type of crop Name of the crops Botanical name
Tomato Lycopersicon esculentum
Chilli Capsicum frutescens
Brinjal Solanum melongena
Green Bean Phaseolus vulgaris
Beet Root Beta vulgaris
Vegetables Winged Bean Psophocarpus tetragonolobus
Bell pepper Capsicum annum
Cabbage Brassica oleracea var. capitata
Cauliflower Brassica oleracea var. botrytis
Cucumber Cucumis sativus
Melons Cucumis melo
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Radish Raphanus sativus
Onion Allium cepa
Lettuce Lactuca sativa
Leafy Vegetables Kang Kong Ipomoea aquatica
Celery Apium graveolens

Nutrient solution for the hydroponic system

The aqueous solution containing nutrients needed for plant
growth and development along with air (oxygen) and water.
Currently, 17 nutrient elements are considered for their
essential growth are carbon, hydrogen, oxygen, nitrogen,
phosphorus, potassium, calcium, magnesium, sulphur, iron,
copper, zinc, manganese, molybdenum, boron, chlorine and
nickel (Salisbury and Ross, 1992) [/, Elements like Carbon
and Oxygen are obtained from the atmosphere (Trejo-Téllez
and Gomez-Merino, 2012) ™1 The nutrient solution is
prepared by dissolving inorganic salts in water, which

dissipates as ions are absorbed by the plant root system (Table
3). The level of nutrients in the solution should be monitored
regularly and the best time is between 6:00 and 8:00 am. The
water and nutrient requirement varies every day based on the
type of crop and age of the plant. This nutrient solution should
be applied to the roots of the plant without wetting the foliage
as it causes a scorching effect on leaves. Regularly around 20-
50% of the nutrient solution in the hydroponic system has to
be drained off and refilled with the new solution as it avoids

the accumulation of toxic ions (Sardare and Admane, 2013)
78],

Table 3: List of commonly used fertilizers and acids in hydroponics (Trejo-Téllez and Gémez-Merino, 2012 and Jain et al., 2019) [¥5.47]

Fertilizers Nutrient percentage Solubility gL at 20 °C
Calcium Nitrate (Ca(NO3z)2.5H20) N:15.5; Ca:19 1290
Potassium Nitrate (KNO3) N: 3; K:38 316
Magnesium Nitrate (Mg(NO3)2.6H20) N:11; Mg:9 760
Ammonium Nitrate (NH4sNO3) N:35 1920
Monopotassium Phosphate (KH2PQO4) P:23; K:28 226
Monoammonium Phosphate (NH4H2PO4) N:12; P:60 226
Potassium Sulphate (K2SO4) K:45; S:18 365
Magnesium Sulphate (MgS04.7H20) Mg:10; S:13 111
Ammonium Sulphate ((NH4)2S04) N:21; S:24 754
Potassium Chloride (KCI) K:60; Cl:48 330

Mechanism of absorption

Among various mechanism involved in plant nutrition, the
most important is absorption where the nutrients are absorbed
in ionic form by hydrolysis of salts in the nutrient solution.
Active roots play important role in the absorption of nutrients
as anions and cations. Once these ions are entered into the
plant system protons (H+) are expelled out to maintain the
balance between electric charges (Haynes 1990). This
maintenance in the ionic equilibrium cause changes in the pH
of the solution. Absorption of the nutrient solution is affected
by the climatic condition such as air, temperature and relative
humidity, minor difference between air and substrate
temperature cause better absorption and growth of the plants
(Pregitzer and King (2005) 8 Masclaux-Daubresse et al.,

2010 B4, Marschner (2011) B8 and Manzocco et al., 2011)
511,

H,PO, < (F
SO, gt
NO,” st ~s=== NH,"

OH- / \ H*
pH increase pH decrease

Fig 3: Mechanism of absorption

Commercially there are prefixed nutrient solutions used as
nutrient solution in hydroponic system, that are used as
prescribed and also modified based on the requirements
(Table 4). There are various nutrients present in the nutrient
solution they are as follows:

Nitrogen: Improves the production of leaves and growth of
the stem. Highly mobile inside the plant system. Nitrogen
Quantity higher than 10 mg/lit inhibits calcium and copper
uptake.

Phosphorus: Stimulates root development. Important for
flowers, fruits, leaves and stem growth. P on excess
concentration reduce or block the absorption of K, Cu, Fe.

Potassium: Cell utilizes during assimilation of energy
produced during photosynthesis and fundamental for cell
division, protein synthesis, enzyme activation and acts a
transporter. (Liu et al., 2018) “],

Calcium: Increases absorption capacity of potassium. Good
availability of Ca in nutrient solution gives higher resistance
to fungal and bacterial attack (Liu et al., 2014) 8, The
deficiencies are displayed in different ways, e.g. apical rot in
tomato and/or marginal browning of leaves in lettuce.

Magnesium: Important component in chlorophyll pigment. It
is immobilized at a lesser pH value of 5.5 and competes with
K and Ca.

Sulphur: plays a significant role in ameliorating the damages
in photosynthetic apparatus caused by Fe-deficiency. It must
be present in a 1:10 ratio with Nitrogen (McCutchan Jr et al.,
2003, Muneer et al., 2014) [56.59],
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Iron: essential for chlorophyll production. Absorption is
increased at pH 5.5-6.0.

Manganese: It forms as a part of many coenzymes and helps
in the extension of root cells. Its availability is controlled by
the pH of the nutrient solution and by competition with other
nutrients.

Zinc: Essential component of the process of energy transfer
in a plant. The absorption of zinc is strongly influenced by the
pH and the P supply of the nutrient solution. pH should be
between 5.5 and 6.5 to promote the absorption of Zn.

http://www.thepharmajournal.com

Boron: Essential for fruit and seed development. The pH of
the nutrient solution must be below 6.0 and the optimal level
is between 4.5 and 5.5.

Copper: Involves in respiratory and photosynthetic process.
Its absorption is reduced at pH values higher than 6.5, whilst
pH values lower than 5.5 may result in toxic effects (Rooney
et al., 2006) [,

Molybdenum: It more essential for protein synthesis and
nitrogen metabolism. Its better availability is at neutral pH
(Gibson, 2007) [28],

Table 4: Commercially prefixed available nutrient solution and concentration ranges of essential mineral elements (Cooper 1988, Steiner 1966
and Baudoin et al., 1990) [10. 18.84]

Nutrient Hoagland & Arnon (1938) Hewitt (1966) Cooper (1979) Steiner (1984)
N 210 mg L? 168 mg L 200-236 mg L1 168 mg L!
P 3lmgL? 41mglL? 60 mg L1 3lmgL?
K 234 mg L1 156 mg L 300 mg L? 273 mg L?
Ca 160 mg L™! 160 mg L 170-185 mg L™ 180 mg L!
Mg 34mgL? 36 mgL? 50 mg L 48 mgL?
S 64 mg L 48 mgL? 68 mg Lt 336 mg L*
Fe 25mgL? 2.8mgL? 12mgL? 2-4mg L1
Cu 0.02mgL* 0.064 mg L 0.1mglL? 0.02mg L*
Zn 0.05mg L* 0.065 mg L 0.1mglL* 0.11mglL?
Mn 0.5mgL*? 0.54mgL! 2.0mgL*! 0.62mg L*
B 0.5mgL*? 0.54mgL? 0.3mgL* 0.44mgL*
Mo 0.01mgL* 0.004 mg L 0.2mgL* -

Sensors and controller systems

Root zone environment deciding factors like nutrient
concentration, pH, dissolved oxygen, temperature and light
affects the growth of the hydroponically grown plants. Real
time measurement of these factors sensors are required.
Electric current increases with increase in nutrient ion
concentration, this could be measure using EC sensors. Water
level sensors in nutrient solution tank loads the lacking water
that are absorbed by plant through transpiration. Non-contact

measurement of water level in the tanks can be achieved by
placing ultrasonic or laser sensors. These sensors mainly
function based on the principle of potentiometer where the
solenoid valve triggers the pump system by changes in the
electrical conductivity. Change in electrical conductivity
activates the automated system with sensors to inject stock
nutrient solution and water into the tank (Son et al., 2020,
Lakshmanan et al., 2020) 14582,

L) h P L
Ao Na Wi Q2 o
Mutriant Filrm
Water lewvel Water lewvel
0, solenoid valve
EC pH
Alr pump | @ @ Air pump
| HMutr. pumips- |
PUMES
@) Water pump
Clean water reseovair €0, tank Mutrified and pH . .
contrelled water Orain 'r"flmmd
e rwir alve
& Solenoid valve . Waste watar
bd O e Alr reservair
NE-wWay v co,
Pump
@ — Liguid
") Meter

Fig 4: Automated smart hydroponics system structure (Sensorex)

~778%


http://www.thepharmajournal.com/

The Pharma Innovation Journal

Hydroponic system management and other factors
affecting nutrient solution

The nutrient solution is the important medium to transfer
nutrient to the plant system, these are affected by various
factors like:

pH

EC

Temperature

Oxygenation

Light

Water quality and its disinfection

2

pH and Electrical conductivity (EC) of the nutrient
solution

pH is the important parameter that determines the acidity or
alkalinity of a solution. This indicates the relationship
between the concentration of free ions H+ and OH- present in
the nutrient solution, ranging between 0 and 14 (Ban et al.,
2020) 1. pH value determines the nutrient availability for
plants. Accordingly, pH adjustment must be done regularly
due to the lower buffering capacity of the soilless system
(Urrestarazu, 2004) . Variables such as temperature, light,
evaporation, processing of the tap water and the number of
nutrients can also influence the pH level. physiological
alkalinity is achieved When the anions are absorbed at a
greater level than cations, for instance, nitrate, the plant
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excretes OH- or HCO3- anions to balance this electrical
imbalance in charges inside the plant system (Marschner,
1995) B8, The optimum pH range for soilless culture is
between 5.8 and 6.5 (Sonneveld and Voogt, 2009) [&I,
Hussain et al., (2014) % reported that leafy vegetables,
tomatoes and cucumber require proper pH and EC of the
nutrient solution is very important for optimum growth.

The total ionic concentration determines the Electrical
conductivity of the nutrient solution for better growth and
development (Steiner 1961) 1, The osmotic pressure of the
nutrient solution is decided by the total amount of ions of
dissolved salts which also decides the water potential (Taiz
and Zeiger, 1998) 87, Electrical conductivity is the indirect
way to determine the Osmotic pressure of the nutrient
solution i.e. total amount of salts in a solution. Hence this EC
of the solution is a good indicator for better availability of
nutrients. The ideal EC range for a hydroponic system is
between 1.5 and 2.5 dSm™, it may vary from crop to crop
(Table 5). When EC level increases absorption of nutrients is
reduced due to a change in osmotic pressure (Caliskan and
Caliskan, 2019) %1,

It is important to manage pH of the nutrient solution through
chemical methods by addition of acids individually or
combined such as nitric acid, sulphuric acid or phosphoric
acid and EC can be managed by regular recycling of water
(Trejo et al., 2012) &7,

Table 5: The optimum range of EC and pH values for vegetables grown in hydroponics crops (Sharma et al., 2018) [8]

Crops EC (dSm™?) pH
Asparagus 14-1.8 6.0-6.8
Bean 2.0-4.0 6.0
Broccoli 2.8-35 6.0-6.8
Cabbage 2.5-3.0 6.5-7.0
Celery 1.8-2.4 6.5
Cucumber 1.7-2.0 5.0-5.5

Egg Plant 2.5-35 6.0
Leek 1.4-1.8 6.5-7.0
Lettuce 1.2-1.8 6.0-7.0

Pak Choi 1.5-2.0 7.0
Peppers 0.8-1.8 5.5-6.0
Parsley 1.8-2.2 6.0-6.5
Spinach 1.8-2.3 6.0-7.0
Tomato 2.0-4.0 6.0-6.5

Temperature control of the nutrient solution

The temperature of the nutrient solution has a direct relation
to the quantity of oxygen consumed by the plants and inverse
relation to the oxygen dissolved in it. Temperature also affects
the solubility of the fertilizer and its absorption by the roots.
Each plant species has a minimum and maximum optimum
temperature level for its growth and it is maintained by
implementing a heating and cooling system in the nutrient
solution (Sago et al., 2008) ["6l. The optimum reported
temperature solution for the nutrient solution is between 20-
22°C, if the temperature exceeds 23°-23.5 °C plant root heath
will be affected severely (Libia et al., 2012) 471,

Oxygenation of nutrient solution

Oxygen consumption from the nutrient solution by the plant
roots is increased by an increase in temperature (Table 6).
During the respiration process, there will be an adequate
increase in carbon dioxide in the root environment if the
aeration is not adequate (Morard and Silvestre, 1996,

Urrestarazu and Mazuela, 2005) 7 %1, Oxygen requirement
and consumption in the nutrient solution is based on the crop
demand and photosynthetic activity increases. Decrease in
dissolved oxygen below 3-4 mg/L inhibits the root growth
and colour changes to brown, a preliminary symptom of lack
of oxygen (Papadopoulos et al., 1997 and Gislered and
Adams, 1983) [63 271 The supply of pure, pressurized oxygen
gas into the nutrient solution to create an oxygen-enriched
environment is called Oxy-fertigation (Chun and Takakura,
1994) 71 This oxygen is generated commercially in
hydroponic based farms by using potassium peroxide at the
concentration of 1g/lit and in small scale farms, oxygen gas is
made to dissolve into the nutrient solution by using aerators
(Castafio et al., 2010) 81, Urrestarazu and Mazuela (2005) 4
found that the treatment with potassium peroxide increases
the yield of sweet pepper and melon by 20 and 15%
respectively, in comparison to the control, whereas there was
no significant difference in cucumber yield.
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Table 6: Solubility of oxygen at 760 mmHg of atmospheric pressure in water pure at various temperatures

Temperature (°C)

Oxygen solubility mgL-* of pure water

10 11.29
15 10.08
20 9.09
25 8.26
30 7.56
35 6.95
40 6.41
45 5.93

Light requirement

Light is essential for the photosynthesis process to take place
when the hydroponics systems are placed under protected
condition. When desired sunlight is not acquired it majorly
affects the plant growth in the hydroponics system. A
minimum of 8-10 hours of light/day is required for the
hydroponics system. Sunlight is ideal for hydroponic plants
but when it is not available, Energy-saving LED lamps are
efficiently used. For the Seedling and Vegetative stage, the
plant requires blue spectrum with the less red spectrum and
similarly for the Flowering stage, plants require Redder
spectrum with a minimum of the Blue spectrum (Bayat et al.,
2018, Kim et al., 2021) (1441,

Water quality and its disinfection

Water quality is the main element for the success of the
soilless farming system. The quality of water will vary due to
its different sources like rivers, rainwater, underground
reservoirs or other treatments. These waters should be of high
quality and free of pathogens for the success of farming
without soil (Van Labeke et al., 1994) [4 Commonly
reported diseases in the hydroponics system are fusarium wilt
and verticillium wilt (Sutton et al., 2000) (881,

One of the major disadvantages of the closed system of
soilless farming is the rapid dispersal of soil-borne pathogens
in the recirculating nutrient solution because once the disease
spreads in the hydroponic system it is very difficult to control
S0 it’s necessary to eliminate these pathogens there are
various disinfection methods (Ohtani et al., 2000) [©4,
Diseases in hydroponics spread rapidly mainly due to change
in microclimate in the hydroponic system (Géhler and Molitor
2002) 28 There are different disinfection methods and some
of them are:

Ozone treatment: Ozone is the second most powerful
steriliser in the world and its function is to destroy bacteria,
viruses and odours. An ozone supply of 10 g/h/m?3 water with
an exposure time of 1 h is sufficient to kill all pathogens
(Ohtani et al., 2000) ©4,

UV disinfection: Ultra-violet radiation (UV) is a proven
process for disinfecting water, air or solid surfaces for
eliminating bacteria and fungi an energy dose is
recommended of 100 mJ/cm?. For viruses, a dose of 250
mJ/cm? is recommended (Nosir, 2016) %, Zheng et al.,
(2000) D61 stated that UV treatment of nutrient solution
effectively removed Pythium sp. from tomato hydroponic
system.

Heat treatment: When heat treatment is applied, a solution is
heated for about 30 seconds to a temperature of 95 °C. At this
temperature, all pathogens are killed (Runia, 1995). Heat
treatment of nutrient solution found effective in hydroponics
and aeroponics systems cultivating tomato and ginger
respectively (Koohakan et al., 2008) [*31,

Slow sand filtration: For several years commercial growers
have used a slow sand filtration installation to eliminate
pathogens. A robust method to remove suspended solids from
water (Kubiak et al., 2015) (441,

Electrolysed water: It is utilized to split down the foul
develop in hydroponic lines that frequently contains
microorganisms, contagious spores and different organisms,
this procedure is called Anodic Oxidation (AO) (El-Kazzaz
and El-Kazzaz, 2017) 22,

Hydrogen peroxide: It is the less expensive method when
compared to ozone, UV and filtration. It is the cheapest
disinfection method of disinfecting water by treating with
400ppm of hydrogen peroxide and 0.3% of H.O, reduces
nematode infestation (El-Kazzaz and El-Kazzaz, 2017 &
Barta and Henderson, 2000) 221,

Membrane filtration: Membrane filtration can be classified
into inverse osmosis (RO), hyper-, nano-, ultra- and micro-
filtration based on the pore size of the membrane. Membrane
filtration removes pathogens from the water without affecting
nutrient concentration (El-Kazzaz and El-Kazzaz, 2017 &
Van Os, 2008) [22 %],

Chlorination: Chlorination is the most widely used sanitizing
method of hydroponic system. Calcium hypochlorite (CaO
(Cl2)), normally known as ‘pool chlorine, is the most widely
recognized disinfectant utilized by the producers (El-Kazzaz
and El-Kazzaz, 2017) 22,

Growth medium

Growth medium is the substitute for soil in soilless culture
systems. Solid medium provides physical support for the
plant's root system by supplying oxygen, nutrients and water.
The major function of the solid substrate is to supply nutrients
and water to the plant without the risk of accumulating
phytochemical chemical and toxic compounds (Patil et al.,
2020) 4. Various growth substrates are available in the
market and are commercially used they are classified as
follows
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Table 7: Classification of growth substrates (Maucieri et al., 2019 & George and George, 2016) 25 5]

Organic

Peat, Coconut Fibre

Substrate Inorganic

Sand, Pumice, Vermiculite, Perlite, Expanded Clay, Stone Wool

Synthetic

Polystyrene, Polyurethane Foam

Table 8: Each growth substrate has its advantages and disadvantages based on the usage in the hydroponics system (Ashok and Sujitha, 2020) 3]

Substrates Advantages Disadvantages
Sand Available in abundance less cost Wastage of nutrients, salt aiggmtrjéztlon, Regular sterilization is
Vermiculite and Perlite Lightweight 6-10 lbs/ft3 Vermiculite: Waterlogging |spr:rpn|1(i£eedrllte: Retained water is poorly

Inexpensive, Easy to clean,

Gravel A
waterlogging is low

Heavy, Dries quickly

Rockwool (Volcanic Materials) Lightweight, Simple to mould

Expensive, Algae growth is more

High water retention,

Tend to clot, Chemical cleaning is required, Susceptible to biological

Saw Dust nghtwelght,' Adaptable to breakdowns
fertilizer
Brick Shards Easy to use and recycle Hard to use and must be scrubbed
Polyethene Used in NFT system, Inexpensive Very less root system
Table 9: Chemical - physical characteristics of inorganic substrates (Enzo et al., 2004) [#*]
Substrates Bulk der_13sity Total porosity | Free porosity |Water retention CEC EC . pH
(kg m) (% vol) (% vol) capacity (%) (meqg %) (mS cm™)
Sand 1400-1600 40-50 1-20 20-40 20-25 0.10 6.4-7.9
Pumice 450-670 55-80 30-50 24-32 - 0.08-0.12 6.7-9.3
Volcanic Tuffs 570-630 80-90 75-85 2-5 3-5 - 7.0-8.0
Vermiculite 80-120 70-80 25-50 30-55 80-150 0.05 6.0-7.2
Perlite 90-130 50-75 30-60 15-35 1.5-35 0.02-0.04 6.5-7.5
Expanded Clay 300-700 40-50 30-40 5-10 3-12 0.02 4.5-9.0
Rockwool 85-90 95-97 10-15 75-80 - 0.01 7.0-75
Polystyrene 6-25 55 52 3 - 0.01 6.1

Properties of a good growth media

Successfully plants are grown in a hydroponic system with
suitable growth media, these growth media should have good
properties such as

= |tshould be inert and non-reactive with nutrients

= Aeration and drainage should be good

= |t should be manufactured by the industry

=  Media should be Low in cost

= It should be eco friendly

= It should have at least 3 years of life span

= It should be recyclable

=  Growth media should have neutral pH

Merits and demerits of soil-less vegetable cultivation

There various merits and demerits of this soilless culture,
some of the major points are described below (Pradhan and
Deo, 2019) [¢71,

Merits of soilless farming

Production augmentation

An increase in the yield using soilless vegetable cultivation
will help offset the initial and any additional cost of the
soilless vegetation. This technique increases the yield of
vegetables by controlling growth elements such as nutrition,
Oxygen, carbon dioxide, light, pH and temperature that helps

to produce high-quality vegetables (Polycarpou et al., 2005)
[66]

Water control

In the soilless system water used for irrigation is accurately
controlled i.e. less than 10% is used than that of conventional
soil-based vegetable cultivation (Olympios and Choukr-Allah,
1999) 2, This majorly reduces labour requirement and

frequent supervision of drippers or nozzles for calcium
carbonate blockage is necessary.

Plant nutrition monitoring

In the nutrient solution, certain elements at higher
concentration cause the death of plants, hence essential
elements are added with appropriate concentration with the
required pH and EC to improve the plant growth.

Purge practices and root surroundings

The soilless vegetable cultivation is usually done under a
controlled environment, this helps to avoid the spread of
diseases, pest and the growth of weeds (Manzocco et al.,
2011) B, The root environment can be modified efficiently
due to the absence of soil.

Crop diversity

In the limited place, we can grow various types of vegetables
with the periodic interval of time due to fewer cultivation
operations. Therefore, multiple crops can be cultivated to get
more income.

Land requirement

Vegetables can be grown in any places like on the roof,
balcony, terrace of the building, stores etc as they are
independent of the soil.

Climate control

In the soilless system of vegetable cultivation, all climatic
factors such as temperature, pH, light, humidity and
composition of air can be monitored efficiently as it is grown
in greenhouses regardless of the season.
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Better growth rate

Due to the cultivation of the vegetables under a controlled
environment growth rate is better than the conventional soil
cultivation. The absence of weed growth enhances the quality
and yield of vegetable crops.

Increase in plant nutritional content

Through a hydroponic system, plant nutritional content can be
enhanced by increasing the desired nutritional concentration
of a specific element. The iodine content of salad crops like
sweet basil and lettuce are enhanced by the addition of 10 pM
of Potassium lodide in the nutritional solution to provide
Recommended lodine Dosage to human through their diet by
iodine biofortified basil and lettuce leaves (Puccinelli et al.,
2021) (69,

Less insecticide and herbicides

Very quantity of chemicals such as insecticides and
herbicides that cause residual effect in the vegetable crops are
used in soilless culture when compared to conventional
cultivation. This majorly reduces the intensified labour
involvement in cultivation, spraying, tilling, watering and
weeding (Jovicich et al., 2005) [,

Demerits of soilless farming

High capital investment

Commercial cultivation of vegetable crops through soilless
farming requires huge capital investment (Resh, 2013) "4,

Technicians and skilled labours

Soilless culture is an advanced and modern technology-based
vegetable cultivation that requires skilled labours to handle
these modernized equipment's.

Pathogenic injuries

The nutrient solution is circulated regularly to all plants and
excess water is collected back in the tank. In this closed
system once a plant gets affected by a pathogen it's very
difficult to eradicate and it gets transmitted rapidly to other
healthy plants (Ikeda et al., 2001) 34,

Water and electricity

Successful soilless vegetable farming is achieved by proper
water and electricity supply to the automated devices. Power
failure and fewer water source may cause the failure of
commercial farming under greenhouses.

Future thrust of soilless farming of vegetables

Soilless farming of vegetables is rapidly growing due to
overpopulation and modern civilization that causing a
decrease in arable fertile lands day by day. This situation
could be overcome by following advanced -cultivation
technologies like hydroponics, aeroponics and aquaponics.
Hydroponics has been successfully followed in Israel by
cultivating various vegetables with less requirement of water.
OrganiTech is an Israel based hydroponic company growing
vegetables and other crops (berries, citrus and bananas)
successfully inside shipping containers of 12.19 m (40 foot)
this provide a better yield by 1000 times than conventional
cultivation (Jain et al., 2019) %, These shipping containers
could be transported throughout the country. Efficient soilless
cultivation can feed millions of people in areas where land
and water are scarce viz. Asia and Africa.
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In Tokyo, due to the surging population to feed the huge
population, the country turned rice cultivation through a
hydroponics system (De Kreij et al., 2003) %, Under this
system, rice is harvested in underground structures with a
controlled environment where 4 cycles of harvest are
achieved annually instead of a single harvest traditionally
(Van Os et al., 2002) 94,

Hydroponics cultivation of vegetable crops will be more
important in the future for various space programs. NASA has
wide-ranging research programs in beneficial space
exploration and also long-term colonization on Mars or the
moon (Van Os et al., 2002) [*4, Since soil is the major lacking
component in these planets and also very difficult to transport
soil in space shuttles, the soilless farming technique could be
a breakthrough in producing plants (vegetables, fruits, herbs)
in space for the future colonizing humans. By this
bioregenerative support system, plants are made to absorb
carbon dioxide and release oxygen through the photosynthesis
process for the habitation of both space stations and other
planets (Singh and Singh, 2012) B4,

Conclusion

The human population is increasing and is predicted to
expand from 7.0 billion to 9.5 billion people within the next
40 years. A parallel increase in the demand for food is
implied, and estimates claim that food production will need to
be doubled to compensate (Yeang and Pawlyn, 2009) %1, By
2050, scientists estimate that the Earth's population will
increase to 9.2 billion, while land available for crop and food
production will decline. To feed the increasing population
Soilless farming through hydroponics is extending worldwide
and such systems offer many new opportunities to growers
and consumers, to produce high-quality vegetables enhanced
with bioactive compounds by replacing traditional farming.
As it is possible to cultivate various vegetables like tomato,
green leafy vegetables, cucumber, herbs, etc in places with
less space and labour requirement, so hydroponics can play a
great contribution to the poorer and landless people. Besides,
it can improve the lifestyle of people and enhance the
economic growth of a country by promoting innovative
entrepreneurs to get involved in hydroponic farming. In India,
the hydroponic industry is expected to grow exponentially in
near future. To encourage commercial hydroponic farm, it is
important to develop low-cost hydroponic technologies that
reduce dependence on human labour and lower overall start-
up and operational costs. However, Government intervention
and Research Institute interest can propel the use of this
technology.

Hence, from the above literatures it could be concluded that
there is extensive advance has been made as of late in the
improvement of monetarily suitable soilless systems and there
is a generally wide business application now in many
countries that applied for farming innovations.
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